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Li
fe 
Cy
cle
 
An
aly
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an
d T
em
po
ra
l D
ist
rib
ut
ion
s 
of
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iss
ion
s:
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m
ita
tio
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Pr
od
uc
t-C
en
te
re
d E
m
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An
aly
se
s
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tho
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: F
ra
nk
 
Fi
eld
, 
Ra
nd
olp
h K
irc
ha
in 
an
d J
oe
l C
lar
k
Ab
st
ra
ct
Al
tho
ug
h t
he
 
pr
od
uc
t-c
en
te
re
d f
oc
us
 
of
 
lif
e 
cy
cle
 
an
aly
sis
 
ha
s 
be
en
 
on
e 
of
 
its
 
str
en
gth
s,
 
thi
s
an
aly
tic
al 
pe
rs
pe
ct
ive
 
em
be
ds
 
as
su
m
pti
on
s 
tha
t m
ay
 
co
nf
lic
t w
ith
 
the
 
re
ali
tie
s 
of
 
the
 
pr
ob
lem
s 
to
w
hic
h i
t i
s 
ap
pli
ed
.
 
 
Th
is 
pa
pe
r 
de
m
on
str
at
es
, 
thr
ou
gh
 
a 
se
rie
s 
of
 
m
at
he
m
at
ica
l d
er
iva
tio
ns
, 
tha
t
all
 
the
 
pr
od
uc
ts 
in 
us
e,
 
ra
the
r 
tha
n 
a 
sin
gle
 
pr
od
uc
t, 
fre
qu
en
tly
 
sh
ou
ld 
be
 
the
 
ap
pr
op
ria
te
 
un
it 
of
an
aly
sis
.
 
 
Su
ch
 
a 
"
fle
et
-
ce
nt
er
ed
"
 
ap
pr
oa
ch
 
su
pp
lie
s 
a 
ric
he
r 
pe
rs
pe
ct
ive
 
on
 
the
 
co
m
pa
ra
tiv
e
em
iss
ion
s 
bu
rd
en
s 
ge
ne
ra
te
d b
y a
lte
rn
at
ive
 
pr
od
uc
ts,
 
as
 
w
ell
 
as
 
eli
m
ina
tin
g c
er
ta
in 
sim
pli
fy
ing
as
su
m
pti
on
s 
im
po
se
d u
po
n 
the
 
an
aly
st 
by
 
a 
pr
od
uc
t-c
en
te
re
d a
pp
ro
ac
h. 
 
A 
sa
m
ple
 
nu
m
er
ica
l c
as
e,
 
ex
am
ini
ng
 
the
 
co
m
pa
ra
tiv
e 
em
iss
ion
s 
of
 
ste
el-
int
en
siv
e 
an
d a
lum
inu
m
int
en
siv
e 
au
to
m
ob
ile
s,
 
is 
pr
es
en
te
d t
o 
co
nt
ra
st 
the
 
re
su
lts
 
of
 
the
 
tw
o 
ap
pr
oa
ch
es
.
 
 
Th
e
fle
et
-
ce
nt
er
ed
 
an
aly
sis
 
sh
ow
s 
tha
t t
he
 
"
cr
os
so
ve
r 
tim
e"
 
(i.e
.
, 
the
 
tim
e 
re
qu
ire
d b
efo
re
 
the
 
fu
el
ec
on
om
y b
en
efi
ts 
of
 
the
 
lig
hte
r 
alu
m
inu
m
 
ve
hic
le 
of
fse
t t
he
 
en
er
gy
-
int
en
sit
y o
f t
he
 
pr
oc
es
se
s
us
ed
 
to
 
m
an
uf
ac
tu
re
 
the
 
alu
m
inu
m
 
in 
the
 
fir
st 
pla
ce
) c
an
 
be
 
dr
am
at
ica
lly
 
lon
ge
r 
tha
n 
tha
t
pr
ed
ict
ed
 
by
 
co
nv
en
tio
na
l l
ife
 
cy
cle
 
an
aly
se
s.
 
Th
e 
fle
et
-
ce
nt
er
ed
 
pe
rs
pe
ct
ive
 
ex
pli
cit
ly 
int
ro
du
ce
s 
the
 
no
tio
n 
of
 
tim
e 
as
 
a 
cr
iti
ca
l e
lem
en
t o
f
co
m
pa
ra
tiv
e 
lif
e 
cy
cle
 
an
aly
se
s 
an
d r
ais
es
 
im
po
rta
nt
 
qu
es
tio
ns
 
ab
ou
t t
he
 
ro
le 
of
 
the
 
an
aly
st 
in
se
lec
tin
g t
he
 
ap
pr
op
ria
te
 
tim
e 
ho
riz
on
 
fo
r 
an
aly
sis
.
 
 
M
or
eo
ve
r,
 
w
ith
 
the
 
int
ro
du
ct
ion
 
of
 
tim
e 
as
 
an
ap
pr
op
ria
te
 
dim
en
sio
n 
to
 
lif
e 
cy
cle
 
an
aly
sis
, 
the
 
inf
lue
nc
es
 
of
 
eff
ec
ts 
dis
tri
bu
te
d o
ve
r 
tim
e 
ca
n 
be
m
or
e 
na
tu
ra
lly
 
an
d c
on
sis
te
nt
ly 
tre
at
ed
.
In
tro
du
ct
io
n
Li
fe 
cy
cle
 
an
aly
sis
 
ha
s 
co
nt
inu
ed
 
its
 
ste
ad
y d
ev
elo
pm
en
t a
s 
a 
to
ol 
fo
r 
as
se
ss
ing
 
the
en
vir
on
m
en
ta
l c
on
se
qu
en
ce
s 
of
 
hu
m
an
 
ac
tio
n.
 
 
Its
 
an
aly
tic
al 
co
dif
ica
tio
n 
of
 
a 
pr
od
uc
t-c
en
tri
c,
ra
the
r 
tha
n 
a 
pr
oc
es
s-
ce
nt
ric
, 
vie
w
 
of
 
the
 
so
ur
ce
s 
of
 
en
vir
on
m
en
ta
l e
m
iss
ion
s 
ha
s 
he
lpe
d t
o
sp
aw
n 
a 
ho
st 
of
 
ne
w
 
en
vir
on
m
en
ta
l p
ro
gr
am
s 
an
d i
nit
iat
ive
s,
 
an
d h
as
 
len
t a
 
fir
m
 
fo
un
da
tio
n 
to
the
 
no
tio
n 
of
 
pr
od
uc
t p
oli
cy
 
in 
the
 
en
vir
on
m
en
ta
l a
re
na
 
[B
er
kh
ou
t, 
19
97
; E
hr
en
fel
d, 
19
97
].
Ho
w
ev
er
, 
the
 
pr
od
uc
t f
oc
us
, 
lik
e 
an
y p
ot
en
t a
na
lyt
ica
l m
et
ap
ho
r,
 
ca
rr
ies
 
w
ith
 
it 
ce
rta
in
lim
ita
tio
ns
 
w
hic
h m
us
t b
e 
ca
re
fu
lly
 
co
ns
ide
re
d b
efo
re
 
w
ho
les
ale
 
ap
pli
ca
tio
n 
of
 
LC
A.
 
 
LC
A 
is 
an
eff
ec
tiv
e 
to
ol 
fo
r 
the
 
an
aly
sis
 
of
 
the
 
en
vir
on
m
en
ta
l c
on
se
qu
en
ce
s 
of
 
the
 
pr
od
uc
tio
n,
 
us
e 
an
d
dis
po
sa
l o
f a
 
pr
od
uc
t. 
 
Bu
t, 
w
ith
 
the
 
w
ide
r 
ap
pli
ca
tio
n 
of
 
LC
A 
co
m
es
 
an
 
im
po
rta
nt
 
qu
es
tio
n:
 
is 
a
fu
lly
 
pr
od
uc
t-c
en
te
re
d f
oc
us
 
alw
ay
s 
the
 
ap
pr
op
ria
te
 
ba
sis
 
fo
r 
m
ak
ing
 
a 
str
at
eg
ic 
ch
oic
e 
am
on
g
co
m
pe
tin
g a
lte
rn
at
ive
s?
 
 
Or
 
ar
e 
the
re
 
co
nd
iti
on
s 
un
de
r 
w
hic
h s
om
et
hin
g m
or
e 
m
us
t b
e 
ta
ke
n 
int
o
co
ns
ide
ra
tio
n?
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Of
 
co
ur
se
, 
thi
s 
qu
es
tio
n 
ha
s 
an
 
ob
vio
us
 
an
sw
er
, 
fam
ili
ar
 
to
 
ev
er
y a
na
lys
t, 
irr
es
pe
ct
ive
 
of
 
the
ir
fie
ld:
 
no
 
to
ol 
is 
un
ive
rs
all
y a
pp
ro
pr
iat
e 
fo
r 
ev
er
y p
ro
ble
m
.
 
 
Ra
the
r,
 
the
 
na
tu
re
 
of
 
the
 
pr
ob
lem
be
ing
 
co
ns
ide
re
d s
ug
ge
sts
 
the
 
fo
rm
 
an
d c
on
te
nt
 
of
 
the
 
an
aly
se
s 
ne
ce
ss
ar
y t
o 
inf
or
m
 
an
 
eff
ec
tiv
e
de
cis
ion
.
 
 
Li
fe 
cy
cle
 
an
aly
sis
 
is 
no
t e
xe
m
pt 
fro
m
 
thi
s 
ru
le,
 
an
d i
ts 
su
rv
iva
l a
s 
an
 
eff
ec
tiv
e
de
cis
ion
m
ak
ing
 
to
ol 
de
pe
nd
s 
up
on
 
the
 
fle
xib
ili
ty 
it 
ex
hib
its
 
in 
the
 
fac
e 
of
 
ne
w
 
pr
ob
lem
s,
 
w
hil
e
re
ta
ini
ng
 
the
 
an
aly
tic
al 
rig
or
 
tha
t l
eg
iti
m
ize
s 
its
 
us
e.
 
 
In
 
fac
t, 
an
 
im
po
rta
nt
 
ro
le 
of
 
the
 
LC
A
re
se
ar
ch
 
co
m
m
un
ity
 
is 
to
 
ide
nt
ify
 
an
d c
las
sif
y t
he
 
cir
cu
m
sta
nc
es
 
un
de
r 
w
hic
h t
he
 
fo
rm
s 
of
 
LC
A
m
us
t b
e 
ad
ap
te
d t
o 
m
ee
t t
he
 
ev
olv
ing
 
de
m
an
ds
 
of
 
de
cis
ion
m
ak
er
s.
Al
tho
ug
h t
he
 
pr
od
uc
t f
oc
us
 
of
 
sta
nd
ar
d L
CA
 
ha
s 
be
en
 
an
 
eff
ec
tiv
e 
fra
m
e 
of
 
re
fer
en
ce
 
fo
r
co
ns
ide
rin
g s
om
e 
en
vir
on
m
en
ta
l i
ss
ue
s,
 
it 
is 
se
rio
us
ly 
lim
ite
d i
n 
ot
he
r 
co
nt
ex
ts.
 
 
Th
is 
pa
pe
r
ad
dr
es
se
s 
an
 
im
po
rta
nt
 
on
e 
-
 
pr
ob
lem
s 
w
he
re
 
pr
od
uc
t m
an
uf
ac
tu
re
 
an
d u
se
 
ar
e 
dis
tri
bu
te
d o
ve
r
re
lat
ive
ly 
lon
g p
er
iod
s 
of
 
tim
e 
-
 
an
d a
tte
m
pts
 
to
 
lay
 
the
 
gr
ou
nd
w
or
k f
or
 
a 
m
or
e 
fo
rm
al 
tre
at
m
en
t
of
 
the
 
w
ay
s 
in 
w
hic
h L
CA
 
m
us
t b
e 
em
plo
ye
d w
he
n 
tre
at
ing
 
pr
ob
lem
s 
of
 
thi
s 
so
rt.
Di
st
rib
ut
io
n 
of
 
Em
iss
io
ns
 
Ov
er
 
Ti
m
e
Th
e 
tre
at
m
en
t (o
r 
the
 
lac
k t
he
re
of
) o
f t
he
 
sp
at
ial
 
dis
tri
bu
tio
n 
of
 
em
iss
ion
s 
ov
er
 
the
 
lif
et
im
e 
of
 
a
pr
od
uc
t h
as
 
be
en
 
a 
m
uc
h-
re
pe
at
ed
 
cr
iti
qu
e 
of
 
the
 
m
et
ho
ds
 
of
 
lif
e 
cy
cle
 
an
aly
sis
 
[O
w
en
s,
 
19
97
].
In
 
pr
inc
ipl
e,
 
the
 
dis
tri
bu
tio
n 
eff
ec
t s
ho
uld
 
be
 
re
so
lve
d i
n 
the
 
co
ur
se
 
of
 
the
 
im
pa
ct
 
as
se
ss
m
en
t
ph
as
e 
of
 
lif
e 
cy
cle
 
an
aly
sis
, 
w
he
re
 
the
 
eff
ec
ts 
of
 
re
lea
se
s 
to
 
the
 
en
vir
on
m
en
t a
re
 
tra
ns
lat
ed
 
int
o
sp
ec
ifi
c 
eff
ec
ts 
w
hic
h m
ay
 
or
 
m
ay
 
no
t b
e 
loc
al 
eff
ec
ts,
 
de
pe
nd
ing
 
up
on
 
the
 
ch
em
ist
ry
 
of
 
the
re
lea
se
s 
an
d t
he
ir 
ec
os
ys
te
m
 
im
pa
ct
s 
[Fa
va
, 
19
91
; n
ot
e,
 
fo
r 
ex
am
ple
, 
Po
tti
ng
 
et
 
al.
, 
19
98
].
Ho
w
ev
er
, 
the
 
pr
ac
tic
e 
of
 
LC
A 
ha
s 
lar
ge
ly 
es
ch
ew
ed
 
de
ta
ile
d i
m
pa
ct
 
an
aly
se
s,
 
lar
ge
ly 
be
ca
us
e 
of
the
 
va
st 
un
ce
rta
int
ies
 
tha
t u
nd
er
lie
 
the
m
.
 
 
Ra
the
r,
 
w
or
k t
ha
t i
s 
ca
lle
d l
ife
 
cy
cle
 
an
aly
se
s 
is,
 
m
or
e
pr
ec
ise
ly,
 
lif
e 
cy
cle
 
inv
en
to
rie
s,
 
ac
co
un
tin
g a
nd
 
cla
ss
ify
ing
 
the
 
to
ta
l a
m
ou
nt
 
of
 
re
lea
se
s 
ge
ne
ra
te
d
ov
er
 
the
 
lif
et
im
e 
of
 
a 
pr
od
uc
t. 
 
Un
de
r 
the
se
 
cir
cu
m
sta
nc
es
, 
sim
pli
fie
d a
cc
ou
nt
ing
 
su
m
m
ar
ies
ce
rta
inl
y c
an
, 
an
d f
re
qu
en
tly
 
do
, 
m
as
k t
he
 
na
tu
re
 
of
 
the
 
w
ay
 
in 
w
hic
h t
he
se
 
en
vir
on
m
en
ta
l
re
lea
se
s 
m
ay
 
be
 
sp
at
ial
ly 
dis
tri
bu
te
d.
Al
tho
ug
h t
he
 
tre
at
m
en
t o
f t
his
 
dis
tri
bu
tio
n 
pr
ob
lem
 
is 
on
e 
tha
t h
as
 
re
ce
ive
d s
om
e 
at
te
nt
ion
, 
the
re
is 
an
ot
he
r 
an
d, 
in 
m
an
y w
ay
s,
 
po
te
nt
ial
ly 
m
or
e 
im
po
rta
nt
 
dis
tri
bu
tio
n 
pr
ob
lem
 
tha
t h
as
 
re
ce
ive
d
far
 
les
s 
at
te
nt
ion
.
 
 
Th
e 
te
m
po
ra
l d
ist
rib
ut
ion
 
of
 
em
iss
ion
s 
no
t o
nly
 
int
ro
du
ce
s 
pr
ob
lem
s 
re
lat
ed
 
to
the
 
w
ay
 
in 
w
hic
h e
m
iss
ion
s 
ar
e 
dis
tri
bu
te
d, 
bu
t i
t a
lso
 
su
gg
es
ts 
tha
t t
he
 
pr
od
uc
t f
oc
us
 
of
 
LC
A
un
ne
ce
ss
ar
ily
 
lim
its
 
its
 
pu
rv
iew
.
Th
e 
re
as
on
 
tha
t t
he
 
no
tio
n 
of
 
tim
e 
m
ay
 
re
qu
ire
 
a 
ch
an
ge
 
in 
the
 
fra
m
ew
or
k o
f L
CA
 
ste
m
s 
fro
m
 
the
fac
t t
ha
t, 
alt
ho
ug
h t
he
 
pr
od
uc
tio
n,
 
us
e 
an
d d
isp
os
al 
of
 
pr
od
uc
ts 
ar
e 
the
 
so
ur
ce
 
of
 
em
iss
ion
s,
 
the
en
vir
on
m
en
t r
es
po
nd
s 
to
 
the
 
em
iss
ion
s 
ge
ne
ra
te
d b
y e
ve
ry
 
pr
od
uc
t, 
ra
the
r 
tha
n 
jus
t a
 
pr
od
uc
t.
An
d, 
be
ca
us
e 
the
 
pr
od
uc
tio
n,
 
us
e 
an
d d
isp
os
al 
of
 
all
 
pr
od
uc
ts 
is 
dis
tri
bu
te
d o
ve
r 
tim
e,
 
the
 
on
ly
fra
m
ew
or
k t
ha
t t
ak
es
 
ap
pr
op
ria
te
 
co
ns
ide
ra
tio
n 
of
 
en
vir
on
m
en
ta
l i
m
pa
ct
 
is 
no
t o
ne
 
tha
t i
s
ce
nt
er
ed
 
up
on
 
a 
sin
gle
 
pr
od
uc
t -
-
 
ra
the
r,
 
the
 
fra
m
ew
or
k m
us
t c
on
sid
er
 
the
 
pr
od
uc
ts 
in 
us
e 
in 
the
ir
to
ta
lit
y, 
ins
te
ad
 
of
 
ind
ivi
du
all
y.
Su
bm
itt
ed
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the
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l o
f In
du
st
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log
y -
-
 
Su
bje
ct
 
to
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On
 
the
 
fac
e 
of
 
it,
 
thi
s 
se
em
s 
lik
e 
a 
tri
via
l d
ist
inc
tio
n.
 
 
Af
te
r 
all
, 
if 
an
 
an
aly
sis
 
su
gg
es
ts 
tha
t o
ne
pr
od
uc
t i
s 
be
tte
r 
tha
n 
an
ot
he
r 
pr
od
uc
t, 
the
n 
on
e 
w
ou
ld 
ex
pe
ct
 
tha
t t
he
 
re
lat
ive
 
pe
rfo
rm
an
ce
 
of
 
a
lar
ge
 
nu
m
be
r 
of
 
the
se
 
sa
m
e 
tw
o 
pr
od
uc
ts 
sh
ou
ld 
be
 
co
ns
ist
en
t w
ith
 
the
 
pr
od
uc
t-b
as
ed
 
an
aly
sis
.
Fo
r 
so
m
e 
kin
ds
 
of
 
pr
ob
lem
s 
un
de
r 
ce
rta
in 
co
nd
iti
on
s,
 
thi
s 
m
ay
 
ce
rta
inl
y b
e 
the
 
ca
se
.
 
 
In
pa
rti
cu
lar
, 
w
he
n 
LC
As
 
ar
e 
us
ed
 
to
 
stu
dy
 
the
 
en
vir
on
m
en
ta
l e
ffe
ct
s 
of
 
w
ell
 
es
ta
bli
sh
ed
, 
ex
ist
ing
pr
od
uc
ts,
 
the
 
qu
as
i-s
ta
tic
, 
sin
gle
 
pr
od
uc
t f
oc
us
 
is 
ap
pr
op
ria
te
.
 
 
Bu
t, 
w
he
n 
ex
am
ini
ng
 
pr
od
uc
ts 
or
de
sig
ns
 
tha
t a
re
 
ye
t t
o 
be
 
de
plo
ye
d, 
or
 
ar
e 
on
ly 
in 
ea
rly
 
sta
ge
s 
of
 
us
e,
 
a 
br
oa
de
r 
pe
rs
pe
ct
ive
 
is
ne
ce
ss
ar
y. 
 
W
he
n 
co
ns
ide
rin
g n
ew
 
or
 
ch
an
gin
g p
ro
du
ct
s,
 
the
re
 
is 
no
 
ste
ad
y-
sta
te
 
co
nd
iti
on
 
-
-
 
the
nu
m
be
r 
of
 
pr
od
uc
ts 
m
an
uf
ac
tu
re
d, 
in 
us
e,
 
an
d b
ein
g d
isp
os
ed
 
w
ill
 
ch
an
ge
 
ra
pid
ly 
an
d i
n 
co
m
ple
x
w
ay
s 
ov
er
 
tim
e.
 
 
Su
ch
 
vo
lat
ile
 
cir
cu
m
sta
nc
es
 
int
ro
du
ce
 
se
ve
ra
l a
na
lyt
ica
l c
om
ple
xit
ies
 
tha
t t
he
ind
ivi
du
al 
pr
od
uc
t f
oc
us
 
ca
nn
ot
 
ac
co
m
m
od
at
e.
Th
e 
no
tio
n 
of
 
"
a 
nu
m
be
r 
of
 
pr
od
uc
ts 
in 
pr
od
uc
tio
n,
 
us
e 
an
d r
em
ov
al 
fro
m
 
us
e"
 
int
ro
du
ce
s
im
po
rta
nt
 
co
ns
ide
ra
tio
ns
 
of
 
dy
na
m
ic 
be
ha
vio
r 
tha
t l
ea
d t
o 
ov
er
all
 
eff
ec
ts 
tha
t a
re
 
no
t p
ur
ely
lin
ea
r 
m
ult
ipl
es
 
of
 
the
 
eff
ec
ts 
of
 
the
 
pr
od
uc
tio
n,
 
us
e 
an
d r
em
ov
al 
fro
m
 
us
e 
of
 
sin
gle
 
pr
od
uc
ts.
Th
is 
dy
na
m
ic 
se
t o
f p
ro
du
ct
s 
in 
us
e,
 
or
 
a 
"
fle
et
"
 
of
 
pr
od
uc
ts,
 
ha
s 
im
po
rta
nt
 
pr
op
er
tie
s 
tha
t d
er
ive
no
t o
nly
 
fro
m
 
fea
tu
re
s 
of
 
the
 
ind
ivi
du
al 
pr
od
uc
ts,
 
bu
t a
lso
 
fro
m
 
ch
ar
ac
te
ris
tic
s 
of
 
the
 
fle
et
 
its
elf
,
an
d a
 
lif
e 
cy
cle
 
an
aly
sis
 
tha
t m
er
ely
 
fo
cu
se
s 
up
on
 
pr
od
uc
t f
ea
tu
re
s 
m
ay
 
ac
tu
all
y m
iss
 
im
po
rta
nt
eff
ec
ts 
tha
t s
ho
uld
 
re
ce
ive
 
ve
ry
 
ca
re
fu
l c
on
sid
er
at
ion
.
Th
is 
pa
pe
r 
w
ill
 
de
m
on
str
at
e 
the
 
dis
tin
ct
ion
s 
be
tw
ee
n 
the
 
sin
gle
 
pr
od
uc
t a
nd
 
the
 
"
pr
od
uc
t f
lee
t"
ap
pr
oa
ch
es
, 
as
 
w
ell
 
as
 
the
 
re
lat
ion
sh
ips
 
be
tw
ee
n 
the
m
.
 
 
It 
w
ill
 
do
 
so
 
by
 
fir
st 
pr
es
en
tin
g a
m
at
he
m
at
ica
l d
er
iva
tio
n 
of
 
the
 
em
iss
ion
s 
de
riv
ing
 
fro
m
 
the
 
pr
od
uc
tio
n,
 
us
e,
 
an
d d
isp
os
al 
of
 
a
pr
od
uc
t, 
an
d t
he
n 
us
ing
 
tho
se
 
de
riv
at
ion
s 
to
 
ch
ar
ac
te
riz
e 
the
 
dif
fer
en
ce
s 
be
tw
ee
n 
a 
pr
od
uc
t
ce
nt
er
ed
 
co
m
pa
ris
on
 
an
d a
 
"
fle
et
-
ce
nt
er
ed
"
 
pr
od
uc
t c
om
pa
ris
on
.
 
 
Ne
xt
, 
the
se
 
de
riv
ed
 
m
od
els
 
w
ill
be
 
ap
pli
ed
 
to
 
a 
sp
ec
ifi
c 
pr
ob
lem
, 
ill
us
tra
tin
g t
he
 
lim
ita
tio
ns
 
of
 
pr
od
uc
t-f
oc
us
ed
 
an
aly
se
s.
 
 
Fi
na
lly
,
the
 
pa
pe
r 
w
ill
 
clo
se
 
w
ith
 
an
 
ou
tli
ne
 
of
 
the
 
im
po
rta
nt
 
str
at
eg
ic 
iss
ue
s 
the
 
fle
et
-
ce
nt
er
ed
 
ap
pr
oa
ch
fo
rc
es
 
the
 
an
aly
st 
to
 
co
nf
ro
nt
, 
iss
ue
s 
w
hic
h a
re
 
w
ho
lly
 
ab
se
nt
 
fro
m
 
the
 
pr
od
uc
t-c
en
te
re
d
ap
pr
oa
ch
.
 
De
riv
at
io
n
Th
e 
ba
sic
 
pr
ob
lem
 
to
 
be
 
so
lve
d c
an
 
be
 
sta
te
d a
s 
fo
llo
w
s:
Gi
ve
n 
(1)
 
the
 
lif
e 
cy
cle
 
inv
en
to
rie
s 
fo
r 
tw
o 
alt
er
na
tiv
e 
pr
od
uc
ts,
 
dis
tri
bu
te
d o
ve
r
pr
od
uc
tio
n,
 
us
e 
an
d d
isp
os
al,
 
an
d (
2) 
a 
ra
te
 
of
 
pr
od
uc
t p
ro
du
ct
ion
 
& 
w
ea
r,
 
w
ha
t
ar
e 
the
 
to
ta
l e
m
iss
ion
s 
ge
ne
ra
te
d b
y e
ac
h o
f t
he
se
 
pr
od
uc
ts 
as
 
a 
co
ns
eq
ue
nc
e 
of
the
ir 
int
ro
du
ct
ion
 
an
d u
se
.
Th
e 
ge
ne
ra
l s
olu
tio
n 
to
 
thi
s 
pr
ob
lem
, 
of
 
co
ur
se
, 
is 
co
m
ple
x 
giv
en
 
the
 
w
ide
 
ra
ng
e 
of
 
po
ss
ibl
e
co
nd
iti
on
s 
tha
t i
t c
ov
er
s.
 
 
Ho
w
ev
er
, 
w
ith
 
ce
rta
in 
sim
pli
fy
ing
 
as
su
m
pti
on
s,
 
tra
ct
ab
le 
pr
ob
lem
s 
ca
n
be
 
de
ve
lop
ed
 
w
ho
se
 
so
lut
ion
s 
inf
or
m
 
the
 
iss
ue
s 
sta
te
d i
n 
the
 
pr
ec
ed
ing
 
se
ct
ion
s.
 
 
Th
is 
de
riv
at
ion
 
w
ill
 
pr
oc
ee
d a
lon
g t
he
 
fo
llo
w
ing
 
lin
es
: (1
) d
ev
elo
pm
en
t o
f m
od
els
 
de
sc
rib
ing
 
the
to
ta
l n
um
be
r 
of
 
un
its
 
pr
od
uc
ed
, 
in 
us
e,
 
an
d g
oin
g o
ut
 
of
 
us
e 
as
 
a 
fu
nc
tio
n 
of
 
tim
e;
 
an
d (
2) 
us
e 
of
Su
bm
itt
ed
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the
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l o
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y -
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Su
bje
ct
 
to
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the
se
 
pr
od
uc
tio
n,
 
us
e 
an
d d
isp
os
al 
ra
te
s 
to
 
m
od
el 
the
 
to
ta
l e
m
iss
ion
s 
ge
ne
ra
te
d b
y a
lte
rn
at
ive
pr
od
uc
t "
fle
et
s"
 
as
 
a 
fu
nc
tio
n 
of
 
tim
e.
Mo
de
lin
g t
he
 
Nu
m
be
r 
of
 
Un
its
 
in
 
Se
rv
ice
Fo
r 
the
 
pu
rp
os
e 
of
 
thi
s 
pa
pe
r,
 
it 
w
ill
 
be
 
as
su
m
ed
 
tha
t t
he
 
ra
te
 
of
 
pr
od
uc
t p
ro
du
ct
ion
 
is 
a
co
ns
ta
nt
 
(R)
.
 
 
(Th
is 
as
su
m
pti
on
 
is 
by
 
no
 
m
ea
ns
 
a 
re
qu
ire
m
en
t, 
bu
t i
t d
oe
s 
sim
pli
fy
 
the
 
m
at
h.)
Tw
o 
cla
ss
es
 
of
 
pr
od
uc
t "
w
ea
r"
 
or
 
de
ca
y w
ill
 
be
 
tre
at
ed
, 
alt
ho
ug
h  
far
 
m
or
e 
co
m
ple
x 
fo
rm
s 
ar
e
po
ss
ibl
e.
 
 
Th
es
e 
tw
o 
fo
rm
s 
ca
n 
be
 
su
m
m
ar
ize
d u
sin
g t
he
 
fo
llo
w
ing
 
dif
fer
en
tia
l e
qu
at
ion
s,
 
w
he
re
the
 
ra
te
 
of
 
ch
an
ge
 
in 
the
 
nu
m
be
r 
of
 
pr
od
uc
ts 
in 
se
rv
ice
 
is 
eq
ua
l t
o 
the
 
dif
fer
en
ce
 
be
tw
ee
n 
a
pr
od
uc
tio
n 
ra
te
 
an
d a
 
ra
te
 
of
 
pr
od
uc
t l
os
s:
(1)
dN
(t) dt
=
R
−
  
N(
t)
(2)
dN
(t) dt
=
R
−
( 
N(
t)−
 )2
w
he
re
 
N(
t) i
s 
the
 
nu
m
be
r 
of
 
un
its
 
in 
se
rv
ice
 
at
 
tim
e 
t, 
R 
is 
the
 
co
ns
ta
nt
 
ra
te
 
at
 
w
hic
h t
he
se
 
un
its
ar
e 
pr
od
uc
ed
 
an
d m
ad
e 
av
ail
ab
le 
fo
r 
se
rv
ice
, 
an
d t
he
 
te
rm
s 

, 
β, a
nd
 
γ a
re
 
co
ns
ta
nt
s.
Eq
ua
tio
n 
1 i
s 
a 
cla
ss
ica
l e
xp
on
en
tia
l d
ec
ay
 
eq
ua
tio
n,
 
w
he
re
 
the
 
nu
m
be
r 
of
 
pr
od
uc
ts 
tha
t b
ec
om
e
ob
so
let
e 
is 
a 
co
ns
ta
nt
 
fra
ct
ion
 
of
 
the
 
to
ta
l n
um
be
r 
of
 
pr
od
uc
ts 
in 
us
e.
 
 
Eq
ua
tio
n 
2 r
ep
re
se
nt
s 
a
m
or
e 
co
m
ple
x 
sit
ua
tio
n,
 
an
d d
er
ive
s 
in 
pa
rt 
fro
m
 
cla
ss
ic 
pr
od
uc
t r
eli
ab
ili
ty 
stu
die
s.
 
 
Th
e
pa
ra
bo
lic
 
sh
ap
e 
of
 
the
 
ra
te
 
of
 
ob
so
les
ce
nc
e 
re
fle
ct
s 
the
 
so
-
ca
lle
d "
ba
tht
ub
"
 
ha
za
rd
 
fu
nc
tio
n 
tha
t
m
an
y p
ro
du
ct
s 
ex
hib
it,
 
w
ith
 
a 
re
lat
ive
ly 
hig
h f
ail
ur
e 
ra
te
 
ea
rly
 
in 
us
e 
as
 
the
 
pr
od
uc
ts 
w
ith
m
an
uf
ac
tu
rin
g d
efe
ct
s 
ar
e 
qu
ick
ly 
los
t, 
fo
llo
w
ed
 
by
 
a 
pe
rio
d o
f r
ela
tiv
ely
 
low
 
fai
lur
e 
tha
t
ult
im
at
ely
 
w
or
se
ns
 
as
 
the
 
pr
od
uc
t a
ge
s 
[M
isr
a,
 
19
92
; L
eit
ch
, 
19
91
; B
un
da
y, 
19
95
].  
No
t
su
rp
ris
ing
ly,
 
thi
s 
cla
ss
 
of
 
ap
pr
oa
ch
es
 
ha
s 
als
o 
be
en
 
us
ed
 
to
 
ex
am
ine
 
re
cy
cli
ng
 
iss
ue
s 
dir
ec
tly
[M
elo
, 
19
99
].  
Re
ar
ra
ng
ing
 
the
 
te
rm
s 
of
 
eq
ua
tio
n 
2 y
iel
ds
:
(2a
)
dN dt
=
(R
+

2 )−
 2
N
(N
−
2


)
w
hic
h i
s 
a 
fo
rm
 
of
 
the
 
log
ist
ics
 
po
pu
lat
ion
 
m
od
el 
w
ith
 
a 
fo
rc
ing
 
te
rm
.
 
 
Th
e 
log
ist
ics
 
po
pu
lat
ion
m
od
el 
es
se
nt
ial
ly 
ar
gu
es
 
tha
t t
he
 
en
do
ge
no
us
 
ra
te
 
of
 
ch
an
ge
 
in 
the
 
siz
e 
of
 
a 
po
pu
lat
ion
 
is 
a 
lin
ea
r
fu
nc
tio
n 
of
 
the
 
nu
m
be
r 
of
 
m
em
be
rs
 
in 
the
 
po
pu
lat
ion
, 
ra
the
r 
tha
n 
the
 
co
ns
ta
nt
 
ra
te
 
im
pli
ed
 
by
m
od
el 
sh
ow
n 
in 
eq
ua
tio
n 
1. 
 
Fi
gu
re
 
1 i
llu
str
at
es
 
the
 
dif
fer
en
ce
s 
be
tw
ee
n 
the
se
 
tw
o 
fo
rm
s 
of
de
ca
y.
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l o
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re
vis
ion
31
 
Au
gu
st
 
19
99
Pa
ge
 
4
0
20
40
60
80
10
0
12
0
14
0
16
0
# 
of
 U
ni
ts
 in
 S
er
vic
e
-
0.1
0
0.0
0
0.1
0
0.2
0
0.3
0
0.4
0
0.5
0
0.6
0
0.7
0
0.8
0
0.9
0
1.0
0
Rate of Decay (units/time)
De
ca
y R
at
e C
om
pa
ris
on
Ex
po
ne
nt
ial
/C
on
sta
nt
Lo
gis
tic
/B
ath
tu
b
Fi
gu
re
 
1:
Co
m
pa
ris
on
 
of
 
dif
fer
en
t
m
od
els
 
of
 
ra
te
s 
of
 
de
ca
y
in 
a 
po
pu
lat
ion
 
of
pr
od
uc
ts 
in 
se
rv
ice
Th
e 
so
lut
ion
 
fo
r 
N(
t) c
an
 
be
 
so
lve
d u
sin
g t
ra
dit
ion
al 
m
et
ho
ds
, 
alt
ho
ug
h E
qu
at
ion
 
2 r
eq
uir
es
 
a
cle
ve
r 
tra
ns
fo
rm
at
ion
 
fir
st 
pu
bli
sh
ed
 
by
 
Ri
cc
at
i i
n 
17
24
 
[M
cL
ac
hla
n,
 
19
56
].  
Th
e 
so
lut
ion
s 
to
 
the
re
sp
ec
tiv
e 
eq
ua
tio
ns
 
ar
e:
Ex
po
ne
nt
ial
 
so
lut
ion
:
(3)
N(
t)=
N
ss
+
(N
0
−
N
ss
) e
−
 t
w
he
re
:  
N
ss
=
R  
Lo
gis
tic
s/b
at
htu
b s
olu
tio
n:
(4)
N(
t)=
1  2

A
k 1

e
k 1
t
+
B
k 2

e
k 2
t
A
e
k 1
t
+
B
e
k 2
t
w
he
re
:
k 1
=


( +
R
)
k 2
=


( −
R
)
A B
=
 2
N 0
−
k 2
k 1
−

2
N
0
=
R
+


N
0
−

R
−


N
0
+

Su
bm
itt
ed
 
to
 
the
 
Jo
ur
na
l o
f In
du
st
ria
l E
co
log
y -
-
 
Su
bje
ct
 
to
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Al
tho
ug
h t
he
 
ex
po
ne
nt
ial
 
fo
rm
 
is 
a 
fam
ili
ar
 
on
e 
w
ith
 
w
ell
-
kn
ow
n 
ch
ar
ac
te
ris
tic
s,
 
co
nt
ra
sti
ng
 
it
w
ith
 
the
 
log
ist
ics
-
ba
se
d s
olu
tio
n 
w
ill
 
he
lp 
to
 
fam
ili
ar
ize
 
the
 
re
ad
er
 
w
ith
 
the
 
fea
tu
re
s 
of
 
the
 
lat
te
r
fo
rm
.
 
 
Th
e 
fo
llo
w
ing
 
ta
ble
 
co
m
pa
re
s 
ch
ar
ac
te
ris
tic
s 
of
 
the
 
tw
o 
so
lut
ion
s:
t f
=
ln
A
(1−
f)
k 1
B
(f
k 1
−
k 2
)
k 2
−
k 1
t f
=
1   l
n
(1−
f)
N s
s
N
ss
−
N
0
Ti
m
e 
w
he
n 
un
its
 
in 
se
rv
ice
 
is
a 
fra
ct
ion
 
f o
f t
he
 
ste
ad
y s
ta
te
N
ss
=
k 1  2
=

2
−
R
k 2
=

+
R

N
ss
=
R  
Un
its
 
in 
se
rv
ice
 
at
 
ste
ad
y
sta
te
Lo
gis
tic
s/B
at
htu
b
Ex
po
ne
nt
ial
W
ith
 
a 
pa
rti
cu
lar
 
po
pu
lat
ion
, 
the
se
 
eq
ua
tio
ns
 
ca
n 
be
 
us
ed
 
to
 
fit
 
N(
t) t
o 
kn
ow
n 
da
ta
.
 
 
Th
e
fo
llo
w
ing
 
fig
ur
e 
ill
us
tra
te
s 
the
 
dif
fer
en
ce
s 
be
tw
ee
n 
the
se
 
tw
o 
fo
rm
s,
 
us
ing
 
a 
da
ta
se
t d
ra
w
n 
fro
m
a 
sy
ste
m
s 
dy
na
m
ics
 
m
od
el 
of
 
au
to
m
ob
ile
 
ve
hic
le 
pr
od
uc
tio
n 
w
he
re
 
the
 
nu
m
be
r 
of
 
un
its
 
in
se
rv
ice
 
is 
ze
ro
 
at
 
t =
 
0 [
Ki
rc
ha
in,
 
et
 
al.
].
0
10
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0
30
0
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0
Ti
m
e
02040608010
0
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0
14
0
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0
Number in Service
Sa
mp
le 
Po
pu
lat
ion
 Fi
t
Lo
gis
tic
s/B
ath
tu
b
Sa
mp
le 
Da
ta
Ex
po
ne
nt
ial
Fi
gu
re
 
2:
Co
m
pa
ris
on
 
of
 
fit
be
tw
ee
n 
alt
er
na
tiv
e
m
od
els
 
of
 
pr
od
uc
t d
ec
ay
fro
m
 
se
rv
ice
 
w
ith
sim
ula
te
d d
at
as
et
 
fro
m
au
to
m
ob
ile
 
ve
hic
le 
fle
et
sim
ula
tio
n 
m
od
el 
w
ith
N(
t) =
 
0 w
he
n 
t =
 
0.
Th
e 
fig
ur
e 
ill
us
tra
te
s 
the
 
ad
va
nt
ag
es
 
of
 
the
 
log
ist
ics
/ba
tht
ub
 
m
od
el 
ov
er
 
the
 
ex
po
ne
nt
ial
 
cu
rv
e,
de
riv
ing
 
pr
im
ar
ily
 
fro
m
 
the
 
fac
t t
ha
t t
he
 
log
ist
ics
/ba
tht
ub
 
m
od
el 
is 
a 
tw
o 
pa
ra
m
et
er
 
m
od
el,
 
w
hil
e
the
 
ex
po
ne
nt
ial
 
fo
rm
 
is 
a 
sin
gle
 
pa
ra
m
et
er
 
m
od
el.
 
 
Of
 
co
ur
se
, 
ea
ch
 
pr
od
uc
t p
op
ula
tio
n 
w
ill
 
ha
ve
its
 
ow
n 
un
iqu
e 
fo
rm
, 
bu
t t
his
 
fig
ur
e 
su
gg
es
ts 
tha
t m
an
y t
yp
ica
l p
op
ula
tio
ns
 
ca
n 
be
 
sa
tis
fac
to
ril
y
m
od
ele
d u
sin
g o
ne
 
of
 
the
se
 
tw
o 
fo
rm
s.
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l o
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bje
ct
 
to
 
re
vis
ion
31
 
Au
gu
st
 
19
99
Pa
ge
 
6
Mo
de
lin
g t
he
 
Em
iss
io
ns
 
fro
m
 
th
e 
Un
its
 
in
 
Se
rv
ice
On
ce
 
a 
sa
tis
fac
to
ry
 
m
od
el 
of
 
the
 
nu
m
be
r 
of
 
un
its
 
in 
se
rv
ice
 
ha
s 
be
en
 
ob
ta
ine
d, 
the
 
ne
xt
 
ste
p i
s 
to
m
od
el 
the
 
em
iss
ion
s 
ge
ne
ra
te
d b
y t
he
 
en
tir
e 
nu
m
be
r 
of
 
un
its
 
in 
se
rv
ice
.
 
 
In
 
or
de
r 
to
 
de
ve
lop
 
thi
s
m
od
el,
 
tw
o 
thi
ng
s 
ar
e 
re
qu
ire
d. 
 
Th
e 
fir
st 
of
 
the
se
 
is 
a 
se
t o
f d
efi
nit
ion
s 
fo
r 
the
 
em
iss
ion
s
ge
ne
ra
te
d a
s 
a 
co
ns
eq
ue
nc
e 
of
 
pr
od
uc
t m
an
uf
ac
tu
re
, 
us
e,
 
an
d r
ec
ov
er
y. 
 
Th
e 
se
co
nd
 
is 
a 
sc
en
ar
io
fo
r 
pr
od
uc
t i
nt
ro
du
ct
ion
.
Em
iss
ion
 
De
fin
iti
on
s
Th
is 
m
od
el 
w
ill
 
be
 
sta
te
d a
s 
a 
tre
at
m
en
t o
f a
 
sin
gle
 
em
iss
ion
, 
bu
t t
he
 
re
su
lts
 
ca
n 
ob
vio
us
ly 
be
ge
ne
ra
liz
ed
 
to
 
tre
at
 
a 
ho
st 
of
 
em
iss
ion
s,
 
alb
eit
 
in 
pa
ra
lle
l.  
Th
e 
te
rm
s 
tha
t w
ill
 
be
 
us
ed
 
in 
the
de
riv
at
ion
 
ar
e 
su
m
m
ar
ize
d i
n 
Ta
ble
 
1:
No
te
: 
 
Th
e 
te
rm
s 
Ep
v 
an
d E
pr
 
ch
ar
ac
te
riz
e 
the
 
po
te
nt
ial
 
fo
r 
dif
fer
en
ce
s 
in 
pr
od
uc
tio
n 
em
iss
ion
s
de
pe
nd
ing
 
on
 
the
 
av
ail
ab
ili
ty 
of
 
ob
so
let
e 
pr
od
uc
ts;
 
es
se
nt
ial
ly 
a 
m
ea
su
re
 
of
 
the
 
be
ne
fit
s 
of
re
cy
cli
ng
 
tho
se
 
pr
od
uc
ts.
 
 
Ho
w
ev
er
, 
it i
s 
im
po
rta
nt
 
to
 
no
te
 
tha
t t
he
 
us
e 
of
 
re
cy
cle
d m
at
er
ial
s 
is
no
t e
xc
lud
ed
 
fro
m
 
eit
he
r 
em
iss
ion
 
es
tim
at
e;
 
the
 
dif
fer
en
t t
er
m
s 
ar
e 
us
ed
 
to
 
su
gg
es
t t
ha
t t
he
re
m
ay
 
be
 
dif
fer
en
ce
s 
be
tw
ee
n 
the
 
pr
od
uc
tio
n 
pr
ac
tic
e 
em
plo
ye
d w
he
n 
sta
rti
ng
 
to
 
m
an
uf
ac
tu
re
 
a
pr
od
uc
t a
nd
 
tha
t e
m
plo
ye
d o
nc
e 
a 
lar
ge
 
po
ol 
of
 
ob
so
let
e 
pr
od
uc
ts 
is 
av
ail
ab
le.
 
 
Th
e 
fo
rm
 
of
 
the
re
cy
cli
ng
 
(cl
os
ed
 
loo
p o
r 
ot
he
rw
ise
) w
ill
 
de
fin
e 
the
 
va
lue
s 
se
t f
or
 
Ep
v 
an
d E
pr
 
by
 
the
 
an
aly
st.
(%
; 0
%
 
< 
 
m
 
 
< 
10
0%
)
eff
ici
en
cy
 
of
 
the
 
re
co
ve
ry
 
of
 
ob
so
let
e 
un
its
m
(em
iss
ion
s/u
se
)
em
iss
ion
s 
fro
m
 
a 
sin
gle
 
pr
od
uc
t u
sa
ge
Eu
(us
es
/ti
m
e)
ra
te
 
of
 
pr
od
uc
t u
sa
ge
K
(em
iss
ion
s/u
nit
)
em
iss
ion
s 
fro
m
 
pr
od
uc
tio
n 
w
he
n 
m
at
er
ial
s 
fro
m
ob
so
let
e 
pr
od
uc
ts 
ar
e 
us
ed
Ep
r
(em
iss
ion
s/u
nit
)
em
iss
ion
s 
fro
m
 
pr
od
uc
tio
n 
w
he
n 
m
at
er
ial
s 
fro
m
ob
so
let
e 
pr
od
uc
ts 
ar
e 
no
t u
se
d
Ep
v
(un
its
/ti
m
e)
ra
te
 
of
 
pr
od
uc
tio
n
R
Un
its
M
ea
nin
g
Va
ria
ble
Ta
ble
 
1: 
De
fin
iti
on
s
Be
fo
re
 
ap
ply
ing
 
the
se
 
pa
ra
m
et
er
s 
to
 
a 
pr
od
uc
t "
fle
et
"
 
m
od
el,
 
it 
is 
ins
tru
ct
ive
 
to
 
ex
plo
re
 
ho
w
 
the
se
pa
ra
m
et
er
s 
w
ou
ld 
be
 
em
plo
ye
d i
n 
a 
co
nv
en
tio
na
l l
ife
 
cy
cle
 
an
aly
sis
.
 
 
As
su
m
ing
 
tha
t (1
) re
cy
cli
ng
ca
n 
ta
ke
 
pla
ce
 
at
 
the
 
ou
tse
t a
nd
 
(2)
 
all
 
re
cy
cle
d m
at
er
ial
 
ca
n 
be
 
us
ed
 
in 
pr
od
uc
tio
n,
 
the
n 
a
pr
od
uc
t-b
as
ed
 
lif
e-
cy
cle
 
as
se
ss
m
en
t w
ou
ld 
sh
ow
 
tha
t t
he
 
em
iss
ion
s 
fro
m
 
the
 
pr
od
uc
tio
n,
 
us
e 
an
d
dis
po
sa
l (f
or
 
ult
im
at
e 
re
cy
cle
) w
ou
ld 
be
:
(5)
E(
pr
od
uc
t)=
(1
−
m
) E
pv
+
m

E p
r
+
K
E
u

pr
od
uc
t_
life
tim
e
Ob
vio
us
ly,
 
in 
the
 
cir
cu
m
sta
nc
e 
tha
t r
ec
yc
lin
g c
an
no
t t
ak
e 
pla
ce
 
at
 
inc
ep
tio
n 
(or
 
at
 
all
), t
he
 
m
te
rm
 
w
ou
ld 
be
 
ze
ro
, 
an
d c
ou
ld 
po
ss
ibl
y c
ha
ng
e 
ov
er
 
tim
e 
w
ith
 
inc
re
as
ing
 
av
ail
ab
ili
ty 
of
 
ob
so
let
e
pr
od
uc
ts.
 
 
Th
er
e 
ha
ve
 
be
en
 
m
an
y b
at
tle
s 
w
ag
ed
 
in 
the
 
lif
e 
cy
cle
 
co
m
m
un
ity
 
re
ga
rd
ing
 
ho
w
re
cy
cli
ng
 
ou
gh
t t
o 
be
 
ac
co
un
te
d o
n 
a 
sin
gle
 
pr
od
uc
t b
as
is 
w
he
n 
co
ns
ide
rin
g n
ew
 
pr
od
uc
ts 
tha
t
ha
ve
 
no
 
po
ol 
of
 
ob
so
let
e 
pr
od
uc
ts 
im
m
ed
iat
ely
 
av
ail
ab
le,
 
no
ne
 
of
 
w
hic
h h
as
 
be
en
 
un
ive
rs
all
y
sa
tis
fac
to
ry
 
[N
ew
ell
, 
19
98
; B
uh
e 
et
 
al.
, 
19
97
; F
inn
ve
de
n,
 
19
99
].  
Th
e 
sim
pli
fie
d f
or
m
 
he
re
m
er
ely
 
ill
us
tra
te
s 
the
 
pr
ob
lem
; a
na
lys
es
 
lat
er
 
in 
thi
s 
pa
pe
r 
w
ill
 
su
gg
es
t a
n 
alt
er
na
tiv
e 
tre
at
m
en
t.
Su
bm
itt
ed
 
to
 
the
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l o
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bje
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re
vis
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Si
m
ila
rly
, 
the
 
em
iss
ion
 
fro
m
 
the
 
en
tir
e 
po
pu
lat
ion
 
of
 
pr
od
uc
ts 
in 
se
rv
ice
, 
at
 
the
 
ste
ad
y s
ta
te
,
w
ou
ld 
be
 
(re
ca
ll 
tha
t a
t s
te
ad
y s
ta
te
, 
by
 
de
fin
iti
on
, 
the
 
nu
m
be
r 
of
 
un
its
 
lea
vin
g s
er
vic
e 
m
us
t ju
st
eq
ua
l t
he
 
nu
m
be
r 
of
 
un
its
 
en
te
rin
g s
er
vic
e):
(6)
dE
(al
l_
un
its
)=
R
(1
−
m
) E
pv
+
m

R
E p
r
+
K
E u

N s
s

dt
Th
e 
te
rm
 
in 
the
 
sq
ua
re
 
br
ac
ke
ts 
in 
Eq
ua
tio
n 
6 c
an
 
be
 
tho
ug
ht 
of
 
as
 
the
 
ste
ad
y-
sta
te
 
em
iss
ion
s 
ra
te
of
 
a 
fle
et
, 
Es
s.
Bo
th 
Eq
ua
tio
ns
 
5 a
nd
 
6, 
the
 
inc
re
m
en
ta
l i
nc
re
as
e 
in 
em
iss
ion
s 
du
e 
to
 
the
 
pr
od
uc
tio
n,
 
us
e 
an
d
re
cy
cli
ng
 
of
 
a 
pr
od
uc
t o
r 
an
 
en
tir
e 
fle
et
 
of
 
pr
od
uc
ts 
at
 
ste
ad
y s
ta
te
, 
ar
e 
im
po
rta
nt
 
ch
ec
ks
 
on
 
the
re
su
lts
 
ab
ou
t t
o 
be
 
pr
es
en
te
d. 
 
M
or
e 
im
po
rta
nt
ly,
 
ho
w
ev
er
, 
the
y i
llu
str
at
e 
a 
ke
y f
ea
tu
re
 
of
 
pr
od
uc
t
lif
e 
cy
cle
 
an
aly
se
s,
 
in 
tha
t t
he
se
 
LC
As
 
fo
cu
s 
up
on
 
an
d e
m
ph
as
ize
 
the
 
ste
ad
y-
sta
te
 
co
nd
iti
on
, 
an
d
fai
l t
o 
co
ns
ide
r 
the
 
tra
ns
ien
t c
on
dit
ion
s 
tha
t m
ay
 
oc
cu
r 
du
rin
g t
he
 
co
ur
se
 
of
 
a 
pr
od
uc
t o
r 
pr
oc
es
s
ch
an
ge
.
 
 
(N
ot
e 
tha
t e
qu
at
ion
s 
5 a
nd
 
6 a
ct
ua
lly
 
ar
e 
ide
nt
ica
l r
ela
tio
ns
hip
s,
 
dif
fer
ing
 
on
ly 
by
 
a
co
ns
ta
nt
 
of
 
m
ult
ipl
ica
tio
n 
-
 
R.
 
 
Th
e 
ste
ad
y s
ta
te
 
nu
m
be
r 
of
 
pr
od
uc
ts 
in 
an
y p
op
ula
tio
n 
is 
m
er
ely
eq
ua
l t
o 
the
 
ra
te
 
of
 
pr
od
uc
t p
ro
du
ct
ion
 
m
ult
ipl
ied
 
by
 
the
 
av
er
ag
e 
lif
et
im
e 
of
 
the
 
pr
od
uc
t.)
Sin
gle
 
Pr
od
uc
t C
ro
ss
ov
er
 
Ti
m
e 
An
aly
se
s
Th
e 
us
ua
l w
ay
 
in 
w
hic
h t
im
e 
w
ou
ld 
en
te
r 
int
o 
the
se
 
an
aly
se
s 
at
 
all
 
w
ou
ld 
be
 
un
de
r 
the
cir
cu
m
sta
nc
es
 
tha
t a
n 
an
aly
st 
w
ou
ld 
be
 
co
m
pa
rin
g t
he
 
em
iss
ion
s 
fro
m
 
tw
o 
pr
od
uc
ts 
w
ith
dif
fer
en
t e
m
iss
ion
s,
 
alt
ho
ug
h u
se
d i
n 
the
 
sa
m
e 
fas
hio
n.
 
 
In
 
the
se
 
an
aly
se
s,
 
a 
typ
ica
l c
om
pa
ris
on
 
is
to
 
as
se
ss
 
at
 
w
ha
t p
oin
t i
n 
the
 
lif
et
im
e 
of
 
the
 
co
m
pe
tin
g p
ro
du
ct
s 
on
e 
em
er
ge
s 
w
ith
 
the
 
low
es
t
ov
er
all
 
em
iss
ion
s,
 
es
se
nt
ial
ly 
co
m
pu
tin
g t
he
 
tim
e 
at
 
w
hic
h t
he
 
fo
llo
w
ing
 
tw
o 
eq
ua
tio
ns
 
ar
e 
eq
ua
l:
(5a
)
E(
pr
od
uc
t 1
)=
(1
−
m
1)
E p
v1
+
m
1
E p
r1
+
K
E u
1
t
E(
pr
od
uc
t 2
)=
(1
−
m
2)
E p
v2
+
m
2
E p
r2
+
K
E u
2
t
Th
e 
so
-
ca
lle
d "
cr
os
so
ve
r 
tim
e"
 
is 
of
 
pa
rti
cu
lar
 
int
er
es
t w
he
n 
co
m
pa
rin
g p
ro
du
ct
s 
tha
t a
re
co
m
pa
ra
tiv
ely
 
"
cle
an
"
 
to
 
pr
od
uc
e 
an
d c
om
pa
ra
tiv
ely
 
"
dir
ty"
 
in 
us
e 
w
ith
 
tho
se
 
pr
od
uc
ts 
tha
t a
re
"
dir
ty"
 
to
 
pr
od
uc
e 
bu
t "
cle
an
"
 
in 
us
e.
 
 
Th
e 
typ
ica
l c
alc
ula
tio
n 
co
m
pu
te
s 
the
 
dif
fer
en
ce
 
be
tw
ee
n
the
 
em
iss
ion
s 
to
ta
ls 
of
 
the
 
tw
o 
alt
er
na
tiv
es
 
as
 
a 
fu
nc
tio
n 
of
 
tim
e.
 
 
Fo
r 
a 
pr
od
uc
t t
ha
t i
s 
"
dir
ty"
 
to
m
ak
e 
bu
t "
cle
an
"
 
in 
us
e,
 
to
ta
l e
m
iss
ion
s 
w
ill
 
ini
tia
lly
 
be
 
hig
he
r 
tha
n 
tho
se
 
of
 
a 
pr
od
uc
t t
ha
t i
s
"
cle
an
"
 
to
 
m
ak
e 
bu
t "
dir
ty"
 
in 
us
e.
 
 
Ho
w
ev
er
, 
as
 
t i
nc
re
as
es
, 
the
 
dif
fer
en
ce
 
be
tw
ee
n 
the
 
tw
o
em
iss
ion
s 
to
ta
ls 
w
ill
 
de
cr
ea
se
 
un
til
 
at
 
so
m
e 
tim
e,
 
de
fin
ed
 
as
 
the
 
"
cr
os
so
ve
r 
tim
e,
"
 
the
 
sm
all
er
em
iss
ion
s 
in 
us
e 
of
 
the
 
"
dir
ty"
 
to
 
m
ak
e 
pr
od
uc
t w
ill
 
ex
ac
tly
 
of
fse
t t
he
 
hig
he
r 
em
iss
ion
s 
in
pr
od
uc
tio
n.
 
 
Fu
rth
er
m
or
e,
 
the
 
ra
nk
ing
 
of
 
the
 
to
ta
l e
m
iss
ion
s 
of
 
the
 
tw
o 
alt
er
na
tiv
es
 
w
ill
 
no
t
ch
an
ge
 
aft
er
 
tha
t t
im
e.
In
 
m
os
t a
na
lys
es
, 
if 
the
 
pr
od
uc
t l
ife
tim
e 
is 
sig
nif
ica
nt
ly 
lon
ge
r 
tha
n 
the
 
"
cr
os
so
ve
r 
tim
e"
 
de
riv
ed
in 
thi
s 
fas
hio
n,
 
the
 
pr
od
uc
t w
ith
 
the
 
low
er
 
em
iss
ion
s 
to
ta
l a
fte
r 
the
 
cr
os
so
ve
r 
tim
e 
is 
co
ns
ide
re
d
to
 
be
 
the
 
m
or
e 
en
vir
on
m
en
ta
lly
 
ap
pr
op
ria
te
.
Al
te
rn
at
ive
 
Pr
od
uc
t I
nt
ro
du
ct
ion
 
Sc
en
ar
ios
W
ith
 
a 
m
od
el 
fo
r 
the
 
nu
m
be
r 
of
 
un
its
 
in 
a 
fle
et
 
as
 
a 
fu
nc
tio
n 
of
 
tim
e,
 
it 
is 
no
w
 
po
ss
ibl
e 
to
de
ve
lop
 
alt
er
na
tiv
e 
sc
en
ar
ios
 
of
 
fle
et
 
ev
olu
tio
n,
 
de
fin
ing
 
the
 
ev
olu
tio
n 
of
 
fle
et
 
co
m
po
sit
ion
 
ov
er
Su
bm
itt
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l o
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re
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tim
e.
 
 
Al
tho
ug
h t
he
 
po
ss
ibl
e 
alt
er
na
tiv
es
 
ar
e 
en
dle
ss
, 
tw
o 
ba
sic
 
sc
en
ar
ios
 
ar
e 
m
os
t r
ep
re
se
nt
at
ive
of
 
the
 
lif
e 
cy
cle
 
pr
od
uc
t c
om
pa
ris
on
s 
tha
t a
re
 
typ
ica
lly
 
un
de
rta
ke
n.
 
 
Th
es
e 
tw
o 
sc
en
ar
ios
 
ca
n 
be
re
fer
re
d t
o 
as
 
(1)
 
the
 
ab
 
ini
tio
 
sc
en
ar
io 
an
d (
2) 
the
 
dis
pla
ce
m
en
t s
ce
na
rio
.
In
 
the
 
ab
 
ini
tio
 
sc
en
ar
io,
 
ne
ith
er
 
of
 
the
 
tw
o 
pr
od
uc
ts 
un
de
r 
co
ns
ide
ra
tio
n 
is 
ini
tia
lly
 
in 
us
e.
Ra
the
r,
 
on
e 
or
 
the
 
ot
he
r 
m
ay
 
be
 
int
ro
du
ce
d i
nt
o 
us
e,
 
an
d t
he
 
ap
pr
op
ria
te
 
ba
sis
 
fo
r 
co
m
pa
ris
on
 
is
be
tw
ee
n 
the
 
em
iss
ion
s 
tha
t m
igh
t a
ris
e 
as
 
ea
ch
 
m
on
oli
thi
c 
fle
et
 
of
 
pr
od
uc
ts 
en
te
rs
 
int
o 
us
e.
 
 
In
eff
ec
t, 
tw
o 
ide
nt
ica
l f
lee
ts,
 
gr
ow
ing
 
at
 
ex
ac
tly
 
the
 
sa
m
e 
ra
te
s,
 
ge
ne
ra
te
 
em
iss
ion
s 
ch
ar
ac
te
ris
tic
 
of
the
 
pr
od
uc
t a
lte
rn
at
ive
s 
w
ho
se
 
to
ta
ls 
the
n 
ca
n 
be
 
co
m
pa
re
d. 
 
In
 
eff
ec
t, 
the
 
co
m
pa
ris
on
 
w
ou
ld 
be
be
tw
ee
n 
tw
o 
fle
et
s,
 
ea
ch
 
sta
rti
ng
 
w
ith
 
N(
t 0) 
=
 
0 a
nd
 
gr
ow
ing
 
to
 
a 
ste
ad
y s
ta
te
 
siz
e 
(N
ss
)
ac
co
rd
ing
 
to
 
eq
ua
tio
n 
(3)
 
or
 
(4)
.
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3: 
 
Ab
 
In
iti
o 
Pr
od
uc
t S
ce
na
rio
In
 
the
 
dis
pla
ce
m
en
t s
ce
na
rio
, 
on
e 
of
 
the
 
pr
od
uc
ts 
is 
alr
ea
dy
 
in 
w
ide
 
us
e,
 
an
d t
he
re
 
is 
a 
ne
w
pr
od
uc
t t
ha
t c
ou
ld 
be
 
int
ro
du
ce
d t
ha
t w
ou
ld 
dis
pla
ce
 
the
 
ex
ist
ing
 
pr
od
uc
t. 
 
In
 
thi
s 
ca
se
, 
the
re
 
ar
e
tw
o 
po
ss
ibl
e 
fle
et
s:
 
(a)
 
on
e 
w
hic
h i
s 
en
tir
ely
 
co
m
po
se
d o
f t
he
 
ex
ist
ing
 
pr
od
uc
t (w
ho
se
co
m
po
sit
ion
 
ne
ve
r 
ch
an
ge
s) a
nd
 
(b)
 
on
e 
co
m
po
se
d o
f a
 
de
cli
nin
g n
um
be
r 
of
 
the
 
ex
ist
ing
 
pr
od
uc
t
an
d a
n 
inc
re
as
ing
 
nu
m
be
r 
of
 
the
 
ne
w
 
on
e,
 
w
he
re
 
the
 
inc
re
as
ing
 
nu
m
be
r 
of
 
ne
w
 
pr
od
uc
ts 
fo
llo
w
s
the
 
sa
m
e 
gr
ow
th 
pa
tte
rn
 
as
 
tha
t o
f t
he
 
fle
et
s 
in 
the
 
ab
 
ini
tio
 
sc
en
ar
io,
 
bu
t t
he
re
 
is 
an
 
ad
dit
ion
al
nu
m
be
r 
of
 
the
 
or
igi
na
l p
ro
du
ct
s 
als
o 
in 
the
 
fle
et
 
to
 
m
ain
ta
in 
the
 
Ns
s 
to
ta
l.  
In
 
thi
s 
ca
se
, 
the
 
ba
sis
fo
r 
the
 
co
m
pa
ris
on
 
is 
be
tw
ee
n 
the
 
to
ta
l e
m
iss
ion
s 
tha
t w
ou
ld 
ar
ise
 
if 
the
 
ex
ist
ing
 
pr
od
uc
t w
er
e
no
t d
isp
lac
ed
, 
an
d t
he
 
em
iss
ion
s 
ge
ne
ra
te
d a
s 
the
 
ne
w
 
pr
od
uc
t d
isp
lac
es
 
the
 
old
 
pr
od
uc
t. 
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re
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m
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ta
l in
 S
er
vic
e
0
10
0
20
0
30
0
40
0
50
0
60
0
Ti
m
e
02040608010
0
12
0
14
0
16
0
Units in Service
Or
igi
na
l P
ro
du
cts
Fi
gu
re
 
4: 
 
Di
sp
lac
em
en
t S
ce
na
rio
Ti
m
e 
De
pe
nd
en
t F
lee
t E
m
iss
ion
 
De
riv
at
ion
s
W
ith
 
the
se
 
de
fin
iti
on
s 
giv
en
 
in 
Ta
ble
 
1, 
the
 
ge
ne
ra
l e
qu
at
ion
 
de
fin
ing
 
the
 
to
ta
l a
m
ou
nt
 
of
em
iss
ion
s 
re
lea
se
d a
s 
a 
fu
nc
tio
n 
of
 
tim
e 
is:
(7)
dE
(t) dt
=
R
−
m

un
its
_
fail
in
g

E p
v
+
m

un
its
_
fail
in
g
E p
r
+
K
E u

un
its
_
in
_
se
rv
ice
A 
m
or
e 
ge
ne
ra
l f
or
m
 
of
 
thi
s 
eq
ua
tio
n,
 
ex
plo
iti
ng
 
the
 
as
su
m
pti
on
 
tha
t t
he
 
ra
te
 
of
 
pr
od
uc
tio
n 
is 
a
co
ns
ta
nt
 
an
d t
he
 
ge
ne
ra
l f
or
m
 
of
 
eq
ua
tio
ns
 
1 a
nd
 
2 i
s:
(7a
)
dE
(t) dt
=
R
E p
v
−
m

(E
pv
−
E p
r)
+
m

dN
(t) dt

(E
pv
−
E p
r)+
K
E u

N(
t)
So
lvi
ng
 
thi
s 
eq
ua
tio
n 
fo
r 
the
 
tw
o 
dif
fer
en
t "
fle
et
"
 
m
od
els
 
m
er
ely
 
re
qu
ire
s 
su
bs
tit
ut
ing
 
in 
the
ap
pr
op
ria
te
 
te
rm
s 
fro
m
 
the
 
eq
ua
tio
ns
 
de
riv
ed
 
ab
ov
e 
fo
r 
N(
t) a
nd
 
its
 
de
riv
at
ive
.
 
 
Th
e 
Ab
 
In
iti
o 
Sc
en
ar
io
Su
bs
tit
ut
ing
 
the
 
ap
pr
op
ria
te
 
te
rm
s 
int
o 
eq
ua
tio
n 
7a
 
yie
lds
 
the
 
fo
llo
w
ing
 
tw
o 
eq
ua
tio
ns
 
fo
r
de
riv
ing
 
the
 
to
ta
l e
m
iss
ion
s 
ge
ne
ra
te
d o
ve
r 
tim
e:
ex
po
ne
nt
ial
 
fo
rm
:
(8)
dE
(t) dt
=
R
E p
v
+
K
E u
+
m

  
(E
pr
−
E p
v
)
N(
t)
log
ist
ic/
ba
tht
ub
 
fo
rm
:
 
(9)
dE
(t) dt
=
R
E p
v
+
K
E u

N(
t)+
m

(E
pr
−
E p
v
) (


N(
t)−
 )2
Su
bm
itt
ed
 
to
 
the
 
Jo
ur
na
l o
f In
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Su
bje
ct
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re
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Th
e 
so
lut
ion
s 
to
 
the
se
 
eq
ua
tio
ns
 
ar
e,
 
re
sp
ec
tiv
ely
:
fo
r 
bo
th 
te
rm
s 
(re
ca
ll 
Eq
ua
tio
n 
6, 
ab
ov
e):
(10
)
E s
s

K
E u

N
ss
+
R
E p
v
+
m

R
(E
pr
−
E p
v
)
ex
po
ne
nt
ial
 
fo
rm
:
(11
)
E(
t)=
E s
s
t+
(1
−
e
−
 t )
(N
0
−
N
ss
)
K
E u
+
  
m

(E
pr
−
E p
v
)
 
log
ist
ic/
ba
tht
ub
 
fo
rm
:
(12
)
E(
t)=
E s
s
t+
(N
(t)
−
N
0)
m

(E
pv
−
E p
r)+
K
E u

2
ln(
A
+
Be
−
2


R
t
A+
B
)
No
te
 
tha
t t
he
 
so
lut
ion
 
to
 
the
 
ge
ne
ra
l e
qu
at
ion
 
(Eq
ua
tio
n 
7a
) c
an
 
als
o 
be
 
w
rit
te
n,
 
alt
ho
ug
h u
sin
g i
t
re
qu
ire
s 
sp
ec
ifi
ca
tio
n 
of
 
N(
t). 
 
Th
e 
ge
ne
ra
l s
olu
tio
n 
to
 
the
 
pr
ob
lem
 
is:
(13
)
E(
t)=
R
E p
v
−
m

(E
pv
−
E p
r)

t+
m

(N
(t)
−
N
0)
(E
pv
−
E p
r)+
K
E u

∫ 0t N(t
) d
t
Th
e 
co
m
pa
ra
tiv
e 
an
aly
sis
 
be
tw
ee
n 
tw
o 
ne
w
 
pr
od
uc
ts 
w
ou
ld 
the
n 
be
 
ba
se
d u
po
n 
su
pp
lyi
ng
 
the
pa
ra
m
et
er
s 
giv
en
 
in 
Ta
ble
 
1 f
or
 
eq
ua
tio
n 
(11
) o
r 
(12
) a
nd
 
ex
am
ini
ng
 
the
 
dif
fer
en
ce
s 
be
tw
ee
n 
the
re
su
lti
ng
 
em
iss
ion
s 
to
ta
ls.
Th
e 
Di
sp
lac
em
en
t S
ce
na
rio
Th
e 
em
iss
ion
s 
of
 
the
se
 
tw
o 
alt
er
na
tiv
e 
fle
et
s 
ca
n 
be
 
als
o 
be
 
re
ad
ily
 
m
od
ele
d, 
us
ing
 
the
 
no
ta
tio
n
int
ro
du
ce
d i
n 
the
 
pr
ec
ed
ing
 
se
ct
ion
s.
 
 
Th
e 
inc
re
m
en
ta
l e
m
iss
ion
s 
fro
m
 
the
 
ex
ta
nt
, 
ste
ad
y-
sta
te
fle
et
 
(us
ing
 
'1'
 
to
 
de
no
te
 
the
 
fea
tu
re
s 
of
 
the
 
ex
ist
ing
 
pr
od
uc
t) a
re
 
m
er
ely
:
(14
)
dE
1
dt
=
R
(1
−
m
) E
pv
1
+
m

R
E p
r1
+
N
ss

K
E u
1
Th
e 
inc
re
m
en
ta
l e
m
iss
ion
s 
of
 
the
 
se
co
nd
 
fle
et
, 
un
de
rg
oin
g a
 
tra
ns
iti
on
 
fro
m
 
pr
od
uc
t 1
 
to
pr
od
uc
t 2
 
(E 1
>2
), a
re
:
(15
)
dE
1>
2
dt
=
(R
−
m

(R
−
dN dt
))
E p
v2
+
m

(R
−
dN dt
) E
pr
2
+
K
N
E u
2
+
(N
ss
−
N)

E u
1
Th
e 
em
iss
ion
s 
of
 
the
 
tw
o 
fle
et
s,
 
in 
ge
ne
ra
l, a
re
:
(16
)
E 1
(t)
=
R
(1
−
m
) E
pv
1
+
m

R
E p
r1
+
N s
s
K
E u
1

t
 
(17
)
E 1
>2
(t)
=
R
(1−
m
) E
pv
2
+
m

R
E p
r2
+
N
ss

K
E u
1

t+
m

(E
pv
2
−
E p
r2
) (
N
−
N
0)+
K
(E
u2
−
E u
1) ∫ 0t N

dt
Su
bm
itt
ed
 
to
 
the
 
Jo
ur
na
l o
f In
du
st
ria
l E
co
log
y -
-
 
Su
bje
ct
 
to
 
re
vis
ion
31
 
Au
gu
st
 
19
99
Pa
ge
 
11
Ag
ain
, 
by
 
se
lec
tin
g t
he
 
ap
pr
op
ria
te
 
da
ta
se
t a
nd
 
eq
ua
tio
n 
fo
r 
N(
t), 
the
 
to
ta
l e
m
iss
ion
s 
of
 
the
 
tw
o
alt
er
na
tiv
e 
fle
et
s 
ca
n 
be
 
es
tim
at
ed
 
an
d c
om
pa
re
d.
An
aly
sis
Th
er
e 
ar
e 
a 
nu
m
be
r 
of
 
str
iki
ng
 
fea
tu
re
s 
of
 
the
se
 
re
su
lts
.
 
 
Fo
cu
sin
g o
n 
the
 
ab
 
ini
tio
 
sc
en
ar
io
re
su
lts
, 
as
 
the
 
on
e 
clo
se
st 
co
nc
ep
tu
all
y t
o 
a 
pr
od
uc
t-f
oc
us
ed
 
an
aly
sis
, 
the
 
fir
st 
(an
d m
os
t
co
m
fo
rti
ng
!) f
ea
tu
re
 
is 
the
 
fac
t t
ha
t t
he
 
te
rm
s 
in 
Eq
ua
tio
ns
 
11
 
an
d 1
2 t
ha
t a
re
 
of
 
fir
st 
or
de
r 
in 
t i
n
bo
th 
eq
ua
tio
ns
 
ar
e 
the
 
sa
m
e,
 
an
d a
re
 
eq
ua
l t
o 
the
 
te
rm
 
giv
en
 
in 
Eq
ua
tio
n 
6, 
de
fin
ed
 
he
re
 
as
 
Es
s,
the
 
ste
ad
y s
ta
te
 
em
iss
ion
 
ra
te
 
of
 
the
 
fle
et
.
 
 
Th
e 
tra
ns
ien
t t
er
m
s 
of
 
bo
th 
eq
ua
tio
ns
 
ar
e 
co
m
ple
x
fu
nc
tio
ns
 
de
riv
ing
 
fro
m
 
N(
t) a
nd
 
its
 
int
eg
ra
l (a
s 
su
gg
es
te
d b
y e
qu
at
ion
 
13
), a
nd
 
the
se
 
tra
ns
ien
t
te
rm
s 
ev
en
tu
all
y b
ec
om
e 
co
ns
ta
nt
s 
as
 
t i
nc
re
as
es
.
A 
clo
se
r 
ex
am
ina
tio
n 
of
 
the
 
tra
ns
ien
t t
er
m
s 
sh
ow
s 
tha
t t
he
y a
re
 
co
m
po
se
d o
f t
w
o 
ele
m
en
ts.
 
 
On
e
es
se
nt
ial
ly 
ac
co
un
ts 
fo
r 
the
 
fac
t t
ha
t, 
un
til
 
the
 
nu
m
be
r 
of
 
pr
od
uc
ts 
in 
se
rv
ice
 
is 
at
 
ste
ad
y-
sta
te
, 
the
Es
s 
te
rm
 
ov
er
es
tim
at
es
 
the
 
em
iss
ion
s 
du
e 
to
 
pr
od
uc
t u
se
, 
w
hil
e 
the
 
ot
he
r 
ac
co
un
ts 
fo
r 
the
 
fac
t
tha
t t
he
 
Es
s 
te
rm
 
ov
er
es
tim
at
es
 
the
 
em
iss
ion
 
be
ne
fit
s 
of
 
re
us
ing
 
ob
so
let
e 
pr
od
uc
ts.
 
 
As
t i
nc
re
as
es
, 
the
 
tra
ns
ien
t t
er
m
s 
in 
the
 
tw
o 
eq
ua
tio
ns
 
co
nv
er
ge
 
to
:
ex
po
ne
nt
ial
 
fo
rm
; a
b i
nit
io 
sc
en
ar
io:
(18
)
E_
tr
an
sie
nt
(t m
ax
)=
N
ss

m

(E
pv
−
E p
r
)−
K
E u  
log
ist
ic/
ba
tht
ub
 
fo
rm
; a
b i
nit
io 
sc
en
ar
io:
(19
)
E_
tr
an
sie
nt
(t m
ax
)=
N
ss

m

(E
pv
−
E p
r)−
K
E u

2

ln
2
R


N
0
+
R
−

W
ith
ou
t a
 
sp
ec
ifi
c 
se
t o
f e
m
iss
ion
s 
da
ta
, 
it 
is 
dif
fic
ult
 
to
 
ge
ne
ra
liz
e 
ab
ou
t t
he
 
eff
ec
t o
f t
he
pr
es
en
ce
 
of
 
the
se
 
tra
ns
ien
t t
er
m
s 
in 
a 
to
ta
l e
m
iss
ion
s 
an
aly
sis
, 
sin
ce
 
on
e 
tra
ns
ien
t t
er
m
 
is 
po
sit
ive
w
hil
e 
the
 
ot
he
r 
is 
ne
ga
tiv
e.
 
 
Ho
w
ev
er
, 
it 
is 
cle
ar
 
tha
t t
he
 
tra
ns
ien
t t
er
m
s 
ha
ve
 
the
 
po
te
nt
ial
 
to
 
be
lar
ge
 
co
m
pa
re
d t
o 
the
 
te
rm
 
tha
t i
s 
fir
st 
or
de
r 
in 
t, 
su
gg
es
tin
g t
ha
t t
he
re
 
m
ay
 
be
 
co
nd
iti
on
s 
w
he
re
em
iss
ion
 
co
m
pa
ris
on
s 
am
on
g a
lte
rn
at
ive
s 
w
ill
 
ch
an
ge
 
ra
nk
 
or
de
rin
g a
s 
a 
fu
nc
tio
n 
of
 
tim
e.
Fu
rth
er
m
or
e,
 
the
 
tra
ns
ien
t t
er
m
s 
su
gg
es
t t
ha
t t
he
se
 
ch
an
ge
s 
ar
e 
dir
ec
tly
 
re
lat
ed
 
to
 
the
 
re
lat
ive
m
ag
nit
ud
es
 
an
d d
ist
rib
ut
ion
 
of
 
ke
y e
m
iss
ion
s 
co
m
po
ne
nt
s 
an
d t
he
 
w
ay
 
in 
w
hic
h t
he
 
to
ta
l n
um
be
r
of
 
pr
od
uc
ts 
in 
us
e 
gr
ow
s 
ov
er
 
tim
e.
 
 
Fi
na
lly
, 
un
lik
e 
Eq
ua
tio
n 
(5a
), t
he
se
 
tra
ns
ien
t t
er
m
s 
ar
e 
no
t
lin
ea
r 
in 
tim
e,
 
su
gg
es
tin
g t
ha
t t
he
se
 
lin
ea
r 
"
cr
os
so
ve
r"
 
an
aly
se
s 
m
ay
 
m
isr
ep
re
se
nt
 
the
 
tim
e 
it 
m
ay
ta
ke
 
fo
r 
on
e 
pr
od
uc
t t
o 
"
ov
er
ta
ke
"
 
an
ot
he
r.
Th
is 
re
su
lt 
su
gg
es
ts 
tha
t t
he
re
 
is 
a 
po
te
nt
ial
 
fo
r 
str
at
eg
ic 
er
ro
rs
 
w
he
n 
m
ak
ing
 
en
vir
on
m
en
ta
l
de
cis
ion
s 
ba
se
d s
ole
ly 
on
 
pr
od
uc
t-f
oc
us
ed
 
lif
e 
cy
cle
 
an
aly
se
s.
 
 
Th
e 
m
os
t o
bv
iou
s 
on
es
 
ar
e 
tho
se
w
he
re
 
tim
ing
 
is 
a 
ke
y f
ea
tu
re
 
of
 
the
 
de
cis
ion
, 
e.
g.,
 
m
ee
tin
g a
 
sp
ec
ifi
c 
em
iss
ion
 
ta
rg
et
 
by
 
a
pa
rti
cu
lar
 
tim
e,
 
su
ch
 
as
 
the
 
Ky
ot
o 
Pr
ot
oc
ols
.
 
 
Ho
w
ev
er
, 
thi
s 
re
su
lt 
als
o 
su
gg
es
ts 
tha
t t
he
re
 
m
ay
 
be
be
tte
r 
w
ay
s 
to
 
tre
at
 
so
m
e 
of
 
the
 
dif
fic
ult
ies
 
pr
es
en
te
d w
he
n 
co
m
pa
rin
g t
he
 
en
vir
on
m
en
ta
l m
er
its
of
 
pr
od
uc
ts 
w
ho
se
 
em
iss
ion
s 
ha
ve
 
dis
tin
ct
ly 
dif
fer
en
t t
em
po
ra
l d
ist
rib
ut
ion
s 
or
 
ha
ve
 
str
on
g t
im
e
de
pe
nd
en
cie
s.
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l o
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On
e 
to
pic
 
in 
LC
A 
w
he
re
 
tim
e 
int
ro
du
ce
s 
ke
y d
iff
er
en
ce
s 
in 
em
iss
ion
s 
is 
tha
t o
f r
ec
yc
lin
g.
In
te
re
sti
ng
ly 
en
ou
gh
, 
the
 
tre
at
m
en
t o
f p
ro
du
ct
s 
as
 
a 
"
fle
et
,"
 
ra
the
r 
tha
n 
a 
sin
gle
 
pr
od
uc
t, 
ac
tu
all
y
sim
pli
fie
s 
the
 
an
aly
sis
 
of
 
the
 
m
er
its
 
of
 
re
cy
cli
ng
, 
sin
ce
 
no
ne
 
of
 
the
 
an
aly
tic
al 
fic
tio
ns
 
ne
ed
ed
 
to
sh
oe
ho
rn
 
a 
tim
e-
de
pe
nd
en
t e
ffe
ct
 
int
o 
a 
tim
e 
ind
ep
en
de
nt
 
an
aly
sis
 
ar
e 
re
qu
ire
d. 
 
Ra
the
r 
tha
n
be
ing
 
re
qu
ire
d t
o 
de
fen
d a
rg
um
en
ts 
ab
ou
t "
av
er
ag
e 
sc
ra
p s
to
ck
s"
 
or
 
ot
he
r 
qu
as
i-s
ta
tic
 
es
tim
at
es
of
 
re
cy
cli
ng
 
be
ha
vio
r,
 
thi
s 
ap
pr
oa
ch
 
all
ow
s 
the
 
an
aly
st 
to
 
ins
er
t t
he
 
ap
pr
op
ria
te
 
lif
e 
cy
cle
inv
en
to
rie
s 
an
d s
im
ply
 
let
 
the
 
fle
et
 
m
od
el 
ac
co
un
t f
or
 
the
 
em
er
ge
nc
e 
an
d a
va
ila
bil
ity
 
of
 
ob
so
let
e
pr
od
uc
ts.
Th
e 
ot
he
r 
to
pic
 
in 
LC
A 
w
he
re
 
tim
e 
is 
m
or
e 
ex
pli
cit
ly 
co
ns
ide
re
d i
s 
the
 
on
e 
cit
ed
 
ab
ov
e:
co
m
pa
ris
on
s 
be
tw
ee
n 
pr
od
uc
ts 
tha
t a
re
 
"
dir
ty"
 
to
 
m
ak
e 
bu
t "
cle
an
"
 
to
 
us
e 
w
ith
 
pr
od
uc
ts 
tha
t a
re
"
cle
an
"
 
to
 
m
ak
e 
an
d "
dir
ty"
 
to
 
us
e.
 
 
A 
pr
od
uc
t-f
oc
us
ed
 
LC
A 
ign
or
es
 
the
 
dis
tri
bu
tio
n 
eff
ec
ts 
of
the
 
alt
er
na
tiv
e 
em
iss
ion
s 
inv
en
to
rie
s 
of
 
su
ch
 
pr
od
uc
ts,
 
an
d f
or
ce
s 
the
 
an
aly
st 
to
 
fo
cu
s 
on
es
tim
at
ing
 
av
er
ag
e 
lif
et
im
es
 
an
d i
nt
en
sit
y o
f u
se
, 
as
su
m
pti
on
s 
w
hic
h c
an
 
be
 
ve
ry
 
co
nt
ro
ve
rs
ial
w
he
n 
pr
es
en
te
d.
Nu
m
er
ica
l E
xa
m
ple
In
te
re
sti
ng
ly 
en
ou
gh
, 
the
 
pr
ob
lem
 
of
 
ev
alu
at
ing
 
dif
fer
en
t a
ut
om
ob
ile
 
de
sig
ns
 
fal
ls 
int
o 
bo
th 
of
the
se
 
ca
te
go
rie
s,
 
pa
rti
cu
lar
ly 
w
he
n 
co
m
pa
rin
g s
te
el 
an
d a
lum
inu
m
 
ve
hic
les
.
 
 
Th
e 
en
vir
on
m
en
ta
l
m
er
its
 
of
 
the
se
 
tw
o 
m
at
er
ial
s 
ha
ve
 
be
en
 
the
 
su
bje
ct
 
of
 
m
uc
h d
isc
us
sio
n 
ov
er
 
the
 
pa
st 
de
ca
de
.
St
ee
l, t
he
 
tra
dit
ion
al 
au
to
m
ob
ile
 
bo
dy
 
m
at
er
ial
, 
is 
an
 
ine
xp
en
siv
e,
 
hig
h p
er
fo
rm
an
ce
 
an
d
re
lat
ive
ly 
he
av
y m
at
er
ial
.
 
 
Th
e 
re
lev
an
ce
 
of
 
the
 
de
ns
ity
 
of
 
ste
el 
em
er
ge
s 
w
he
n 
the
 
lif
e 
cy
cle
em
iss
ion
s 
of
 
an
 
au
to
m
ob
ile
 
ar
e 
ex
am
ine
d. 
 
In
 
ge
ne
ra
l, i
t i
s 
the
 
us
e 
ph
as
e 
of
 
the
 
au
to
m
ob
ile
,
w
hic
h c
an
 
be
 
as
 
lon
g a
s 
18
 
ye
ar
s 
(al
tho
ug
h t
he
 
av
er
ag
e 
lif
e 
is 
ap
pr
ox
im
at
ely
 
11
 
ye
ar
s 
to
da
y),
 
tha
t
do
m
ina
te
s 
the
 
lif
e 
cy
cle
 
inv
en
to
ry
 
[K
eo
lia
n 
et
 
al.
, 
19
97
] , 
an
d t
he
 
siz
e 
of
 
thi
s 
co
nt
rib
ut
ion
 
is 
a
dir
ec
t f
un
ct
ion
 
of
 
the
 
fu
el 
ec
on
om
y o
f t
he
 
ve
hic
le.
Co
ns
eq
ue
nt
ly,
 
au
to
m
ak
er
s 
ar
e 
str
ivi
ng
 
to
 
un
de
rs
ta
nd
 
w
ay
s 
in 
w
hic
h t
he
 
fu
el 
ec
on
om
y o
f t
he
au
to
m
ob
ile
 
ca
n 
be
 
im
pr
ov
ed
, 
in 
an
tic
ipa
tio
n 
of
 
the
 
ne
ed
 
to
 
m
ee
t n
ew
 
re
gu
lat
or
y s
ta
nd
ar
ds
 
or
m
ar
ke
t d
em
an
ds
.
 
 
Al
um
inu
m
 
ha
s 
be
en
 
w
ide
ly 
co
ns
ide
re
d, 
in 
pa
rt 
be
ca
us
e 
it 
is 
co
m
pa
tib
le 
w
ith
, 
if
no
t p
er
fec
tly
 
co
ns
ist
en
t w
ith
, 
co
nv
en
tio
na
l a
ut
om
ob
ile
 
de
sig
n 
pr
ac
tic
e 
an
d p
ro
du
ct
ion
te
ch
no
log
ies
, 
an
d i
n 
pa
rt 
be
ca
us
e 
it 
is 
co
ns
ide
ra
bly
 
les
s 
de
ns
e 
tha
n 
ste
el.
 
 
An
 
alu
m
inu
m
 
ve
hic
le
m
ay
 
aff
or
d l
ar
ge
 
w
eig
ht 
sa
vin
gs
 
in 
the
 
co
nv
en
tio
na
l a
ut
om
ob
ile
, 
w
ith
 
a 
co
nc
om
ita
nt
im
pr
ov
em
en
t i
n 
fu
el 
ec
on
om
y [
St
od
ols
ky
, 
et
 
al.
; 1
99
5].
 
Ho
w
ev
er
, 
the
re
 
ar
e 
tw
o 
iss
ue
s 
ra
ise
d i
n 
the
 
co
ns
ide
ra
tio
n 
of
 
an
 
alu
m
inu
m
 
au
to
m
ob
ile
.
 
 
Th
e 
fir
st
fac
to
r 
is 
the
 
co
st 
of
 
alu
m
inu
m
, 
w
hic
h c
an
 
be
 
up
 
to
 
fiv
e 
tim
es
 
tha
t o
f s
te
el 
on
 
a 
pe
r 
po
un
d b
as
is.
Al
tho
ug
h t
he
 
co
st 
of
 
alu
m
inu
m
 
is 
cu
rr
en
tly
 
the
 
pr
im
ar
y f
ac
to
r 
lim
iti
ng
 
its
 
us
e,
 
the
re
 
ar
e 
als
o
int
er
es
tin
g e
nv
iro
nm
en
ta
l q
ue
sti
on
s 
ra
ise
d b
y a
lum
inu
m
.
 
 
Al
tho
ug
h a
lum
inu
m
 
is 
les
s 
de
ns
e 
tha
n
ste
el,
 
it 
re
qu
ire
s 
a 
gr
ea
t d
ea
l o
f e
lec
tri
cit
y t
o 
pr
od
uc
e.
 
 
Th
is 
hig
h e
ne
rg
y c
os
t o
f a
lum
inu
m
 
m
ea
ns
tha
t, 
in 
the
 
ca
se
 
of
 
the
 
au
to
m
ob
ile
, 
alu
m
inu
m
 
us
e 
re
pr
es
en
ts 
a 
kin
d o
f "
do
w
n 
pa
ym
en
t" 
of
 
en
er
gy
co
ns
um
pti
on
 
tha
t m
us
t b
e 
pa
id 
in 
or
de
r 
to
 
ga
in 
the
 
ult
im
at
e 
en
er
gy
 
sa
vin
g t
ha
t w
ill
 
be
 
ga
ine
d
ov
er
 
the
 
lon
g p
er
iod
 
of
 
tim
e 
tha
t t
he
 
au
to
m
ob
ile
 
is 
us
ed
.
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Se
ve
ra
l a
rg
um
en
ts 
ar
e 
ra
ise
d t
o 
su
gg
es
t t
ha
t t
his
 
"
do
w
n 
pa
ym
en
t" 
is 
no
t s
o 
ba
d, 
lar
ge
ly 
be
ca
us
e
the
 
re
cy
cli
ng
 
of
 
alu
m
inu
m
 
w
ill
 
als
o 
he
lp 
to
 
re
co
up
 
so
m
e 
of
 
thi
s 
en
er
gy
, 
sin
ce
 
on
ly 
on
e-
tw
en
tie
th
of
 
the
 
en
er
gy
 
re
qu
ire
d t
o 
m
ak
e 
vir
gin
 
alu
m
inu
m
 
is 
ne
ed
ed
 
to
 
pr
od
uc
e 
re
cy
cle
d a
lum
inu
m
.
Ho
w
ev
er
, 
the
 
inc
or
po
ra
tio
n 
of
 
thi
s 
po
te
nt
ial
 
re
cy
cli
ng
 
"
cr
ed
it"
 
is 
co
nt
ro
ve
rs
ial
, 
in 
tha
t i
t i
s
dif
fic
ult
 
to
 
co
ns
ist
en
tly
 
tre
at
 
the
 
qu
es
tio
n 
of
 
w
he
n 
an
d h
ow
 
tha
t r
ec
yc
led
 
m
at
er
ial
 
w
ill
 
be
co
m
e
av
ail
ab
le,
 
an
d t
he
 
us
es
 
to
 
w
hic
h i
t w
ill
 
be
 
pu
t.
Th
e 
pr
ob
lem
 
of
 
co
m
pa
rin
g a
 
ste
el 
an
d a
lum
inu
m
 
au
to
m
ob
ile
 
is 
a 
ex
ce
lle
nt
 
ca
se
 
to
 
ill
us
tra
te
 
the
ad
va
nt
ag
es
 
of
 
a 
fle
et
-
ce
nt
er
ed
 
LC
A.
 
 
Ra
the
r 
tha
n 
at
te
m
pti
ng
 
to
 
de
ta
il 
the
 
lar
ge
 
nu
m
be
r 
of
pe
rm
ut
at
ion
s 
re
qu
ire
d t
o 
de
ve
lop
 
a 
co
m
ple
te
 
as
se
ss
m
en
t o
f t
he
 
re
lat
ive
 
m
er
its
 
of
 
the
se
 
tw
o
m
at
er
ial
s,
 
thi
s 
pa
pe
r 
w
ill
 
fo
cu
s 
up
on
 
the
 
re
su
lts
 
tha
t a
ris
e 
fro
m
 
a 
sin
gle
 
se
t o
f i
nv
en
to
ry
 
da
ta
.
 
 
Th
e
int
er
es
te
d r
ea
de
r 
is 
dir
ec
te
d t
o 
[K
irc
ha
in,
 
et
 
al.
], f
ro
m
 
w
hic
h t
he
se
 
sa
m
ple
 
da
ta
 
ar
e 
de
riv
ed
, 
fo
r 
a
m
or
e 
de
ta
ile
d t
re
at
m
en
t o
f a
ut
om
ob
ile
 
lif
e 
cy
cle
 
inv
en
to
rie
s.
Da
ta
Th
is 
sa
m
ple
 
an
aly
sis
 
w
ill
 
tre
at
 
tw
o 
au
to
m
ob
ile
 
de
sig
ns
, 
a 
co
nv
en
tio
na
l s
ta
m
pe
d s
te
el 
bo
dy
 
an
d
an
 
alt
er
na
tiv
e 
alu
m
inu
m
 
au
to
 
bo
dy
.
 
 
Ra
the
r 
tha
n 
at
te
m
pti
ng
 
to
 
pr
ed
ict
 
the
 
ac
tu
al 
siz
e 
of
 
a 
fle
et
,
the
 
an
aly
sis
 
w
ill
 
m
er
ely
 
as
su
m
e 
a 
fix
ed
 
pr
od
uc
tio
n 
ra
te
 
an
d w
ill
 
as
su
m
e 
tha
t t
he
 
fle
et
 
siz
e 
of
 
bo
th
ve
hic
les
 
w
ill
 
re
ac
h t
he
 
sa
m
e 
ste
ad
y s
ta
te
 
siz
e 
at
 
the
 
sa
m
e 
ra
te
.
 
 
A 
sim
ula
tio
n 
m
od
el 
of
 
fle
et
gr
ow
th,
 
ba
se
d o
n 
ag
ing
 
da
ta
, 
w
as
 
us
ed
 
to
 
sim
ula
te
 
the
 
gr
ow
th 
of
 
the
se
 
fle
et
s,
 
an
d t
he
 
tw
o 
fo
rm
s
of
 
the
 
fle
et
 
gr
ow
th 
m
od
el 
w
er
e 
fit
te
d t
o 
the
 
da
ta
 
se
t a
s 
sh
ow
n 
in 
Fi
gu
re
 
2. 
 
Fi
na
lly
, 
ra
the
r 
tha
n
tre
at
ing
 
all
 
of
 
the
 
em
iss
ion
s 
pr
od
uc
ed
 
ov
er
 
the
 
lif
e 
cy
cle
 
of
 
a 
ve
hic
le,
 
thi
s 
an
aly
sis
 
w
ill
 
on
ly
ex
am
ine
 
CO
2 
em
iss
ion
s.
Th
e 
re
lev
an
t p
ar
am
et
er
s 
of
 
the
 
an
aly
sis
 
ar
e 
giv
en
 
in 
Ta
ble
 
2:
4.2
86
E-
01
4.2
86
E-
01
ca
r0
.
5 /m
on
th
0.5
Lo
gis
tic
s 
cu
rv
e 
fit
 
-
 
ga
m
m
a
9.7
49
E-
03
9.7
49
E-
03
1/m
on
th0
.
5 /c
ar
0.5
Lo
gis
tic
s 
cu
rv
e 
fit
 
-
 
be
ta
6.8
21
E-
03
6.8
21
E-
03
1/m
on
th
Ex
po
ne
nt
ial
 
cu
rv
e 
fit
 
-
 
alp
ha
90
%
90
%
%
Ef
fic
ien
cy
 
of
 
re
co
ve
ry
 
-
 
m
95
0
95
0
m
ile
s/m
on
th
In
te
ns
ity
 
of
 
us
e 
-
 
K
0.9
7
1.0
3
lbs
/m
ile
Em
iss
ion
s 
in 
us
e 
-
 
Eu
46
7
65
4
lbs
/ca
r 
pr
od
uc
ed
CO
2 
em
iss
ion
s 
in 
pr
od
uc
tio
n 
w
ith
 
re
cy
cle
d
m
at
er
ial
 
-
 
Ep
r
5,2
40
1,0
78
lbs
/ca
r 
pr
od
uc
ed
CO
2 
em
iss
ion
s 
in 
pr
od
uc
tio
n 
-
 
Ep
v
14
6.5
14
6.5
ca
rs
St
ea
dy
 
St
at
e 
Fl
ee
t S
ize
1
1
ca
rs
/m
on
th
Ra
te
 
of
 
pr
od
uc
tio
n*
0
0
ca
rs
In
iti
al 
Fl
ee
t S
ize
Al
um
inu
m
St
ee
l
un
its
Ta
ble
 
2: 
 
Em
iss
ion
s 
Pa
ra
m
et
er
s 
fo
r 
St
ee
l a
nd
 
Al
um
inu
m
-
In
te
ns
ive
 
Ve
hic
le 
Al
te
rn
at
ive
s
Su
bm
itt
ed
 
to
 
the
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na
l o
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l E
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y -
-
 
Su
bje
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re
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An
aly
sis
Be
fo
re
 
us
ing
 
the
 
fle
et
 
eq
ua
tio
ns
, 
it 
is 
ins
tru
ct
ive
 
to
 
ex
am
ine
 
the
 
"
cr
os
so
ve
r"
 
tim
e 
im
pli
ed
 
by
the
se
 
va
lue
s.
 
 
A 
co
nv
en
tio
na
l c
ro
ss
ov
er
 
an
aly
sis
 
w
ou
ld 
co
m
pu
te
 
the
 
em
iss
ion
s 
of
 
pr
od
uc
tio
n 
of
the
se
 
tw
o 
alt
er
na
tiv
es
, 
an
d t
he
n 
ca
lcu
lat
e 
the
 
tim
e 
(gi
ve
n 
tha
t t
he
 
em
iss
ion
s 
in 
us
e 
ar
e 
ge
ne
ra
te
d
at
 
a 
co
ns
ta
nt
 
ra
te
), a
t w
hic
h t
he
 
to
ta
l e
m
iss
ion
s 
of
 
on
e 
alt
er
na
tiv
e 
jus
t e
qu
als
 
tha
t o
f t
he
 
ot
he
r.
Th
is 
tim
e,
 
w
he
n 
the
 
to
ta
l e
m
iss
ion
s 
of
 
on
e 
alt
er
na
tiv
e 
"
cr
os
se
s 
ov
er
"
 
the
 
to
ta
l o
f t
he
 
ot
he
r,
 
is 
the
tim
e 
in 
the
 
lif
e 
of
 
the
 
pr
od
uc
t w
he
n 
on
e 
alt
er
na
tiv
e 
em
er
ge
s 
w
ith
 
the
 
low
es
t o
ve
ra
ll 
em
iss
ion
s.
Us
ing
 
Eq
ua
tio
n 
6a
 
an
d s
et
tin
g m
=
0 f
or
 
alu
m
inu
m
 
(sin
ce
 
the
re
 
ar
e 
no
 
ob
so
let
e 
alu
m
inu
m
 
ve
hic
les
av
ail
ab
le 
at
 
the
 
ou
tse
t f
or
 
re
cy
cli
ng
) y
iel
ds
 
the
 
fo
llo
w
ing
 
plo
t:
0
50
10
0
15
0
20
0
Mo
nt
hs
 o
f U
se
-
50
,00
0
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 F
lee
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ta
l C
O2
:
St
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l-In
ten
siv
e F
lee
t
Di
ffe
re
nc
e I
n 
To
ta
l C
O2
(Al
 Fl
ee
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et)
"
Cr
os
so
ve
r"
Fi
gu
re
 
5:
Co
nv
en
tio
na
l c
ro
ss
ov
er
an
aly
sis
, 
as
su
m
ing
 
no
ob
so
let
e 
pr
od
uc
ts 
av
ail
ab
le
(w
ith
 
im
m
ed
iat
e
av
ail
ab
ili
ty 
of
 
ob
so
let
e
pr
od
uc
ts,
 
the
 
cr
os
so
ve
r
ta
ke
s 
pla
ce
 
in 
les
s 
tha
n 
on
e
ye
ar
)
Fo
r 
the
se
 
da
ta
, 
w
ith
 
a 
fai
rly
 
pe
ss
im
ist
ic 
se
t o
f a
ss
um
pti
on
s 
ab
ou
t r
ec
yc
lin
g a
nd
 
fai
nt
ly 
op
tim
ist
ic
as
su
m
pti
on
s 
ab
ou
t e
m
iss
ion
s 
in 
alu
m
inu
m
 
pr
od
uc
tio
n,
 
the
 
cr
os
so
ve
r 
ta
ke
s 
pla
ce
 
in 
ab
ou
t
6.5
 
ye
ar
s.
 
 
As
su
m
ing
 
im
m
ed
iat
e 
re
cy
cli
ng
 
of
 
ob
so
let
e 
pr
od
uc
ts,
 
the
 
cr
os
so
ve
r 
oc
cu
rs
 
in 
les
s 
tha
n
a 
ye
ar
.
 
 
He
nc
e,
 
as
su
m
pti
on
s 
ab
ou
t t
he
 
ra
te
 
an
d k
ind
 
of
 
re
cy
cli
ng
 
em
be
dd
ed
 
in 
a 
co
nv
en
tio
na
l
pr
od
uc
t c
en
te
re
d l
ife
 
cy
cle
 
an
aly
sis
 
ha
ve
 
be
en
 
of
 
pa
rti
cu
lar
 
int
er
es
t i
n 
thi
s 
de
ba
te
.
 
 
Ot
he
r
tre
at
m
en
ts 
te
nd
 
to
 
pu
t t
he
 
cr
os
so
ve
r 
tim
e 
so
m
ew
he
re
 
ar
ou
nd
 
6-
7 y
ea
rs
, 
co
ns
ist
en
t w
ith
 
thi
s 
re
su
lt.
Ho
w
ev
er
, 
co
ns
ide
rin
g t
he
 
em
iss
ion
s 
fro
m
 
the
 
en
tir
e 
fle
et
 
ov
er
 
tim
e 
yie
lds
 
dif
fer
en
t r
es
ult
s.
Ra
the
r 
tha
n 
pr
es
en
tin
g t
he
 
to
ta
l e
m
iss
ion
s 
fro
m
 
ea
ch
 
alt
er
na
tiv
e,
 
the
 
fo
llo
w
ing
 
fig
ur
e 
sh
ow
s 
the
dif
fer
en
ce
 
be
tw
ee
n 
the
 
to
ta
l f
or
 
an
 
alu
m
inu
m
 
fle
et
 
an
d t
he
 
to
ta
l f
or
 
a 
ste
el 
fle
et
, 
us
ing
 
the
 
ab
ini
tio
 
fle
et
 
gr
ow
th 
sc
en
ar
io 
(i.e
.
, 
bo
th 
fle
et
s 
sta
rt 
at
 
N=
0 w
he
n 
t=
0).
 
 
Re
su
lts
 
fo
r 
bo
th 
the
ex
po
ne
nt
ial
 
m
od
el 
an
d t
he
 
log
ist
ic 
m
od
el 
ar
e 
pr
es
en
te
d.
Su
bm
itt
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the
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l o
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bje
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re
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Re
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 E
m
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, A
l -
 S
tee
l Lo
gis
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 M
od
el
Ex
po
ne
nt
ial
 M
od
el
Th
e c
ur
ve
s d
ep
ict
 th
e d
iff
er
en
ce
 in
 to
tal
 C
O2
 em
iss
ion
s b
etw
ee
n t
he
alu
m
in
um
 an
d 
st
ee
l f
lee
ts
, a
ss
um
in
g d
iff
er
en
t p
ro
du
ct 
fai
lur
e/d
ec
ay
 m
od
els
.
A 
po
sit
ive
 va
lue
 in
dic
ate
s t
ha
t t
he
 to
tal
 C
O2
 fr
om
 th
e a
lum
inu
m 
fle
et
ex
ce
ed
s t
ha
t o
f t
he
 st
ee
l a
lte
rn
at
ive
Fi
gu
re
 
6:
Cr
os
so
ve
r 
w
he
n
co
ns
ide
rin
g t
he
 
fle
et
 
as
 
a
w
ho
le;
 
bo
th 
the
 
log
ist
ic
an
d t
he
 
ex
po
ne
nt
ial
 
m
od
els
of
 
fle
et
 
gr
ow
th 
sh
ow
n.
Be
fo
re
 
an
aly
zin
g t
he
se
 
re
su
lts
, 
it 
is 
w
or
thw
hil
e 
to
 
co
ns
ide
r 
the
 
dif
fer
en
ce
s 
be
tw
ee
n 
the
 
tw
o
cu
rv
es
 
pr
es
en
te
d. 
 
Th
e 
ex
po
ne
nt
ial
 
cu
rv
e 
lie
s 
be
low
 
the
 
log
ist
ics
 
cu
rv
e 
be
ca
us
e 
of
 
the
 
fac
t t
ha
t,
w
he
n 
us
ing
 
tha
t m
od
el,
 
the
 
fle
et
 
gr
ow
s 
re
lat
ive
ly 
slo
w
ly.
 
 
Th
is 
slo
w
 
gr
ow
th 
is 
no
t b
ec
au
se
 
of
 
a
lac
k o
f p
ro
du
ct
ion
 
(re
ca
ll 
tha
t t
he
se
 
re
su
lts
 
ar
e 
ba
se
d o
n 
the
 
as
su
m
pti
on
 
tha
t b
ot
h f
lee
ts 
ar
e 
the
re
su
lt 
of
 
the
 
sa
m
e 
fix
ed
 
pr
od
uc
tio
n 
ra
te
).  
Ra
the
r,
 
it 
is 
a 
co
ns
eq
ue
nc
e 
of
 
the
 
fac
t t
ha
t t
he
ex
po
ne
nt
ial
 
m
od
el 
ov
er
es
tim
at
es
 
the
 
ra
te
 
at
 
w
hic
h v
eh
icl
es
 
lea
ve
 
the
 
fle
et
, 
lea
din
g t
o 
les
s 
ov
er
all
ve
hic
le 
us
ag
e 
an
d a
n 
inc
re
as
ed
 
av
ail
ab
ili
ty 
of
 
ob
so
let
e 
ve
hic
les
 
fo
r 
re
cy
cli
ng
.
 
 
Th
e 
log
ist
ic
m
od
el,
 
w
ith
 
its
 
"
ba
tht
ub
-
sh
ap
ed
"
 
ini
tia
l v
eh
icl
e 
fai
lur
e 
ra
te
, 
lea
ds
 
bo
th 
to
 
m
or
e 
ve
hic
le 
m
ile
s
dr
ive
n 
an
d l
es
s 
m
at
er
ial
 
av
ail
ab
le 
fo
r 
re
cy
cli
ng
; h
en
ce
 
it 
lie
s 
ab
ov
e 
the
 
ex
po
ne
nt
ial
 
cu
rv
e.
Un
fo
rtu
na
te
ly 
fo
r 
the
 
ca
se
 
of
 
alu
m
inu
m
, 
the
 
log
ist
ic 
cu
rv
e 
m
od
el 
m
or
e 
clo
se
ly 
m
im
ics
 
the
be
ha
vio
r 
of
 
a 
ve
hic
le 
fle
et
.
W
ith
 
thi
s 
an
aly
sis
, 
the
 
cr
os
so
ve
r 
tim
e 
ha
s 
go
ne
 
fro
m
 
6.5
 
ye
ar
s 
to
 
ov
er
 
10
 
ye
ar
s.
 
 
Fu
rth
er
m
or
e,
thi
s 
fig
ur
e 
sh
ow
s 
the
 
w
ay
 
in 
w
hic
h t
he
 
"
up
-
fro
nt
"
 
CO
2 
em
iss
ion
s 
bu
rd
en
 
ac
tu
all
y h
as
 
on
ly 
jus
t
pe
ak
ed
 
at
 
the
 
6.5
 
ye
ar
 
m
ar
k. 
 
Th
e 
fac
t t
ha
t t
he
 
av
er
ag
e 
lif
et
im
e 
of
 
an
 
au
to
m
ob
ile
 
is 
on
 
the
 
sa
m
e
or
de
r 
as
 
thi
s 
cr
os
so
ve
r 
tim
e 
m
ay
 
als
o 
be
 
of
 
str
at
eg
ic 
int
er
es
t f
or
 
an
 
au
to
 
m
ak
er
 
loo
kin
g t
o
re
de
sig
n 
pr
od
uc
ts 
in 
or
de
r 
to
 
m
ee
t s
pe
cif
ic 
CO
2 
ta
rg
et
s.
If,
 
ins
te
ad
 
of
 
us
ing
 
the
 
ab
 
ini
tio
 
cr
os
so
ve
r 
an
aly
sis
, 
the
 
dis
pla
ce
m
en
t s
ce
na
rio
 
is 
tre
at
ed
, 
the
re
su
lts
 
ch
an
ge
 
sli
gh
tly
.
 
 
Th
e 
fo
llo
w
ing
 
fig
ur
e 
sh
ow
s 
the
 
"
cr
os
so
ve
r"
 
cu
rv
es
 
fo
r 
the
 
ab
 
ini
tio
 
an
d
the
 
dis
pla
ce
m
en
t s
ce
na
rio
s,
 
us
ing
 
log
ist
ics
/ba
tht
ub
 
m
od
el.
 
 
Al
tho
ug
h t
he
 
"
cr
os
so
ve
r 
tim
e"
 
do
es
no
t c
ha
ng
e 
ve
ry
 
m
uc
h w
he
n 
us
ing
 
the
 
dis
pla
ce
m
en
t s
ce
na
rio
, 
the
 
m
ax
im
um
 
im
ba
lan
ce
 
be
tw
ee
n
the
 
ste
el 
an
d a
lum
inu
m
 
alt
er
na
tiv
es
 
is 
sig
nif
ica
nt
ly 
hig
he
r,
 
an
d i
t o
cc
ur
s 
lat
er
 
in 
tim
e.
 
 
Th
is
fea
tu
re
 
is 
a 
co
ns
eq
ue
nc
e 
of
 
the
 
fac
t t
ha
t, 
in 
the
 
dis
pla
ce
m
en
t s
ce
na
rio
, 
(1)
 
the
 
fle
et
 
int
o 
w
hic
h
alu
m
inu
m
 
ve
hic
les
 
ar
e 
be
ing
 
ad
de
d i
s 
fac
ed
 
w
ith
 
the
 
do
ub
le 
pe
na
lty
 
of
 
pr
od
uc
ing
 
ve
hic
les
 
tha
t
ar
e 
"
dir
ty"
 
to
 
m
ak
e 
w
hil
e 
the
 
bu
lk 
of
 
the
 
ve
hic
les
 
in 
us
e 
ar
e 
ste
el 
pr
od
uc
ts,
 
w
hic
h a
re
 
"
dir
ty"
 
to
Su
bm
itt
ed
 
to
 
the
 
Jo
ur
na
l o
f In
du
st
ria
l E
co
log
y -
-
 
Su
bje
ct
 
to
 
re
vis
ion
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us
e 
w
hil
e 
(2)
 
the
 
ste
ad
y-
sta
te
 
ste
el 
fle
et
 
en
joy
s 
the
 
em
iss
ion
s 
be
ne
fit
s 
of
 
a 
re
ad
ily
 
av
ail
ab
le 
po
ol
of
 
ob
so
let
e 
ve
hic
les
 
fo
r 
re
cy
cli
ng
, 
thu
s 
low
er
ing
 
the
 
em
iss
ion
s 
in 
pr
od
uc
tio
n.
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. D
isp
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Di
ffe
re
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 fl
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 st
ar
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t s
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 = 
0
(Ab
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itio
 Sc
en
ari
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ffe
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e w
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 d
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lac
es
pr
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 N
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ce
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)
Fi
gu
re
 
7:
Di
ffe
re
nc
es
 
in 
to
ta
l
em
iss
ion
s 
of
 
tw
o 
fle
et
gr
ow
th 
sc
en
ar
ios
; o
ne
 
in
w
hic
h e
ac
h f
lee
t g
ro
w
s
fro
m
 
ze
ro
 
(ab
 
ini
tio
), a
nd
on
e 
in 
w
hic
h a
n 
ex
ist
ing
fle
et
 
is 
dis
pla
ce
d b
y a
 
ne
w
pr
od
uc
t t
yp
e
(di
sp
lac
em
en
t). 
 
Da
ta
 
ba
se
d
up
on
 
the
 
sa
m
ple
ste
el/
alu
m
inu
m
 
int
en
siv
e
ve
hic
le 
da
ta
 
su
pp
lie
d i
n 
the
pr
ec
ed
ing
 
ca
se
.
It 
is 
im
po
rta
nt
 
to
 
no
te
 
tha
t t
he
se
 
re
su
lts
 
ar
e 
pu
re
ly 
ill
us
tra
tiv
e.
 
 
Th
er
e 
ar
e 
m
an
y d
im
en
sio
ns
 
of
 
the
lif
e 
cy
cle
 
inv
en
to
rie
s 
em
plo
ye
d f
or
 
thi
s 
ex
am
ple
 
tha
t a
re
 
su
bje
ct
 
to
 
dis
cu
ss
ion
.
 
 
Th
e 
pu
rp
os
e 
of
pr
es
en
tin
g t
he
se
 
re
su
lts
 
he
re
 
is 
to
 
de
m
on
str
at
e 
tha
t a
 
co
nv
en
tio
na
l c
ro
ss
ov
er
 
an
aly
sis
 
ba
se
d o
n 
a
pr
od
uc
t l
ife
 
cy
cle
 
ca
n 
yie
ld 
re
su
lts
 
tha
t a
re
 
ve
ry
 
dif
fer
en
t f
ro
m
 
tho
se
 
de
ve
lop
ed
 
w
he
n 
the
 
en
tir
e
fle
et
 
of
 
pr
od
uc
ts 
in 
us
e 
is 
ta
ke
n 
int
o 
co
ns
ide
ra
tio
n.
Di
sc
us
sio
n
Th
es
e 
re
su
lts
 
su
gg
es
t t
ha
t t
he
re
 
ar
e 
im
po
rta
nt
 
lim
ita
tio
ns
 
to
 
the
 
pr
od
uc
t-c
en
te
re
d l
ife
 
cy
cle
an
aly
sis
 
m
et
ho
ds
 
tha
t a
re
 
in 
co
nv
en
tio
na
l u
se
, 
pa
rti
cu
lar
ly 
w
he
n 
us
ing
 
em
iss
ion
s 
as
 
a 
ba
sis
 
of
co
m
pa
ris
on
 
am
on
g c
om
pe
tin
g p
ro
du
ct
 
de
sig
ns
.
 
 
Al
tho
ug
h l
ife
 
cy
cle
 
an
aly
se
s 
fo
cu
s 
up
on
pr
od
uc
ts,
 
the
 
ac
tu
al 
em
iss
ion
s 
bu
rd
en
s 
ar
isi
ng
 
fro
m
 
the
 
pr
od
uc
tio
n,
 
us
e,
 
an
d d
isp
os
al 
of
 
the
se
pr
od
uc
ts 
ar
e 
a 
co
ns
eq
ue
nc
e 
of
 
all
 
the
 
un
its
 
in 
se
rv
ice
.
 
 
Be
ca
us
e 
the
 
pr
od
uc
tio
n 
an
d d
ep
loy
m
en
t o
f
pr
od
uc
ts 
oc
cu
rs
 
ov
er
 
tim
e,
 
the
 
pr
od
uc
tio
n 
an
d u
se
 
em
iss
ion
s 
as
so
cia
te
d w
ith
 
tho
se
 
pr
od
uc
ts 
ar
e
als
o 
ex
te
nd
ed
 
ou
t o
ve
r 
a 
pe
rio
d o
f t
im
e 
an
d a
re
 
dis
tri
bu
te
d i
n 
w
ay
s 
tha
t a
re
 
no
t s
im
ple
 
lin
ea
r
co
m
bin
at
ion
s 
of
 
sin
gle
 
pr
od
uc
t l
ife
 
cy
cle
s.
 
 
As
 
su
ch
, 
the
 
an
aly
tic
al 
im
pa
ct
 
of
 
loo
kin
g a
t a
ll 
of
 
the
pr
od
uc
ts 
in 
se
rv
ice
 
is 
to
 
dr
aw
 
a 
dif
fer
en
t a
na
lyt
ica
l b
ou
nd
ar
y o
r 
co
nt
ro
l v
olu
m
e 
ar
ou
nd
 
the
sy
ste
m
s 
un
de
r 
sc
ru
tin
y.
Al
tho
ug
h t
his
 
dif
fer
en
t c
on
tro
l v
olu
m
e 
re
qu
ire
s 
the
 
an
aly
st 
to
 
ta
ke
 
the
 
pr
od
uc
tio
n 
an
d f
ail
ur
e
ra
te
s 
of
 
the
 
pr
od
uc
t i
nt
o 
co
ns
ide
ra
tio
n,
 
it 
als
o 
fre
es
 
him
 
fro
m
 
m
ak
ing
 
an
aly
tic
all
y s
us
pe
ct
 
(an
d,
the
re
fo
re
, 
co
nt
ro
ve
rs
ial
) a
ss
um
pti
on
s 
ab
ou
t i
m
po
rta
nt
 
tim
e-
de
pe
nd
en
t f
ea
tu
re
s 
of
 
the
 
pr
od
uc
t l
ife
cy
cle
, 
m
os
t n
ot
ab
ly 
re
cy
cli
ng
.
 
 
W
ith
in 
thi
s 
lar
ge
r 
co
nt
ro
l v
olu
m
e,
 
the
 
eff
ec
ts 
of
 
ob
so
let
e 
pr
od
uc
t
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re
vis
ion
31
 
Au
gu
st
 
19
99
Pa
ge
 
17
av
ail
ab
ili
ty 
fo
r 
re
cy
cli
ng
, 
as
 
w
ell
 
as
 
ot
he
r 
po
ss
ibl
e 
eff
ec
ts,
 
ca
n 
be
 
cle
an
ly 
an
d c
on
sis
te
nt
ly
tre
at
ed
.
Ho
w
ev
er
, 
an
aly
zin
g  
"
fle
et
s"
 
ra
ise
s 
an
 
im
po
rta
nt
 
qu
es
tio
n 
ab
ou
t t
he
 
ro
le 
of
 
tim
e 
in 
lif
e 
cy
cle
as
se
ss
m
en
t. 
 
Ov
er
all
, 
a 
pr
od
uc
t-o
rie
nt
ed
 
lif
e 
cy
cle
 
an
aly
sis
 
sh
ou
ld 
yie
ld 
re
su
lts
 
co
ns
ist
en
t w
ith
 
a
fle
et
-
or
ien
te
d l
ife
 
cy
cle
 
an
aly
sis
 
-
-
 
pr
ov
ide
d t
he
 
fle
et
 
is 
in 
ste
ad
y s
ta
te
.
 
 
Ho
w
ev
er
, 
ge
tti
ng
 
to
ste
ad
y-
sta
te
 
su
gg
es
ts 
tha
t t
he
re
 
m
ay
 
be
 
tra
ns
ien
t e
ffe
ct
s 
tha
t c
ou
ld 
be
 
str
at
eg
ica
lly
 
im
po
rta
nt
,
pa
rti
cu
lar
ly 
if 
(a)
 
the
 
tra
ns
ien
t e
ffe
ct
s 
yie
ld 
re
su
lts
 
dif
fer
en
t f
ro
m
 
the
 
ste
ad
y s
ta
te
 
re
su
lts
 
 
an
d
(b)
 
the
 
tim
e 
it 
ta
ke
s 
to
 
ge
t t
o 
ste
ad
y s
ta
te
 
is 
lon
g. 
 
Th
e 
re
lev
an
t q
ue
sti
on
, 
the
n,
 
be
co
m
es
 
w
ha
t i
s 
a
"
lon
g t
im
e"
 
in 
thi
s 
co
nt
ex
t, 
an
d h
ow
 
ca
n 
thi
s 
tim
e 
be
 
es
tim
at
ed
?
Un
fo
rtu
na
te
ly,
 
the
re
 
ar
e 
no
 
cle
ar
-
cu
t r
ule
s 
tha
t c
an
 
be
 
us
ed
 
to
 
de
te
rm
ine
 
ho
w
 
de
cis
ion
m
ak
er
s
sh
ou
ld 
as
se
ss
 
the
 
te
m
po
ra
l i
ss
ue
s 
tha
t t
his
 
ap
pr
oa
ch
 
ra
ise
s.
 
 
Th
e 
pr
ob
lem
 
of
 
int
er
te
m
po
ra
l
va
lua
tio
n 
of
 
em
iss
ion
s 
is 
tie
d u
p i
n 
the
 
m
or
e 
ge
ne
ra
l p
ro
ble
m
 
of
 
em
iss
ion
 
va
lua
tio
n.
 
 
Th
e 
no
tio
n
of
 
dis
co
un
tin
g e
m
iss
ion
s 
ca
n 
ce
rta
inl
y b
e 
ap
pli
ed
 
to
 
thi
s 
ap
pr
oa
ch
; h
ow
ev
er
, 
the
 
qu
es
tio
n 
of
 
the
ap
pr
op
ria
te
ne
ss
 
of
 
su
ch
 
dis
co
un
tin
g c
an
 
on
ly 
be
 
re
so
lve
d b
y t
he
 
de
cis
ion
m
ak
er
 
w
ho
 
is
co
nf
ro
nt
ed
 
w
ith
 
the
 
str
at
eg
ic 
ch
oic
e 
am
on
g t
he
 
re
lev
an
t a
lte
rn
at
ive
s.
An
 
alt
er
na
tiv
e 
to
 
the
 
dis
co
un
tin
g o
f e
m
iss
ion
s 
is 
co
ns
ide
ra
tio
n 
of
 
the
 
lif
et
im
e 
of
 
the
 
pr
od
uc
t
un
de
r 
co
ns
ide
ra
tio
n,
 
or
 
po
ss
ibl
y t
he
 
lik
ely
 
tim
e 
ov
er
 
w
hic
h t
he
 
pr
od
uc
t w
ill
 
be
 
m
an
uf
ac
tu
re
d.
W
he
n 
the
 
cr
os
so
ve
r 
tim
e 
is 
lon
g c
om
pa
re
d t
o 
the
 
lik
ely
 
lif
et
im
e 
of
 
the
 
pr
od
uc
t i
n 
us
e,
 
the
n 
it 
ca
n
be
 
cr
ed
ibl
y a
rg
ue
d t
ha
t a
dv
an
ce
s 
in 
ot
he
r 
te
ch
no
log
ies
 
m
ay
 
be
 
m
or
e 
lik
ely
 
to
 
lea
d t
o 
ne
t
en
vir
on
m
en
ta
l b
en
efi
ts 
ov
er
 
the
 
pe
rio
d o
f t
im
e 
un
de
r 
co
ns
ide
ra
tio
n.
 
 
Fi
gu
re
 
8 s
ho
w
s 
a 
co
m
po
sit
e 
of
 
the
 
fle
et
 
siz
e 
an
d t
he
 
"
cr
os
so
ve
r"
 
cu
rv
e 
fo
r 
the
 
log
ist
ics
/ba
tht
ub
fle
et
 
m
od
el 
in 
the
 
ab
 
ini
tio
 
sc
en
ar
io.
 
 
No
tin
g t
ha
t t
he
 
pe
rio
d o
f t
im
e 
ov
er
 
w
hic
h a
ut
om
ak
er
s
m
an
uf
ac
tu
re
 
a 
pa
rti
cu
lar
 
pr
od
uc
t d
es
ign
 
ra
re
ly 
ex
ce
ed
s 
5 o
r 
6 y
ea
rs
 
(al
tho
ug
h s
om
e 
m
ak
er
s 
do
ta
ke
 
lon
ge
r 
to
 
ch
an
ge
), F
igu
re
 
8 i
s 
pr
ob
ab
ly 
ov
er
ly 
pe
ss
im
ist
ic 
ab
ou
t t
he
 
tim
e 
to
 
cr
os
so
ve
r 
fo
r 
a
sin
gle
 
ve
hic
le.
 
 
On
ce
 
pr
od
uc
tio
n 
sto
ps
, 
the
 
fu
el 
ec
on
om
y s
av
ing
s 
w
ou
ld 
im
m
ed
iat
ely
 
sta
rt 
to
br
ing
 
the
 
cu
rv
e 
do
w
nw
ar
d. 
 
Ho
w
ev
er
, 
w
he
n 
co
ns
ide
rin
g t
he
 
lar
ge
r 
qu
es
tio
n 
of
 
a 
w
ho
les
ale
co
nv
er
sio
n 
of
 
the
 
en
tir
e 
au
to
m
ob
ile
 
fle
et
 
to
 
alu
m
inu
m
 
int
en
siv
e 
ve
hic
les
, 
the
n 
the
 
pr
od
uc
tio
n
Su
bm
itt
ed
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l o
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re
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cy
cle
 
fo
r 
alu
m
inu
m
 
int
en
siv
e 
ve
hic
les
 
sh
ou
ld 
be
 
co
ns
ide
re
d t
o 
be
 
as
 
lon
g a
s 
ne
ce
ss
ar
y t
o 
ac
hie
ve
the
 
co
nv
er
sio
n 
of
 
the
 
fle
et
 
-
-
 
the
 
tim
e 
re
qu
ire
d t
o 
re
ac
h s
te
ad
y-
sta
te
.
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025507510
0
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0
Total Vehicles
St
ea
dy
 S
tat
e F
lee
t S
ize
"
CO
2 C
ro
ss
ov
er
" C
ur
ve
(to
tal
 Al
 fl
ee
t C
O2
 - t
ot
al 
ste
el 
fle
et 
CO
2)
Fl
ee
t S
ize
Fi
gu
re
 
8:
Co
m
po
sit
e 
fig
ur
e 
sh
ow
ing
the
 
siz
e 
of
 
the
 
fle
et
 
an
d t
he
dif
fer
en
ce
 
be
tw
ee
n 
the
 
to
ta
l
CO
2 
em
iss
ion
s 
of
 
an
alu
m
inu
m
 
int
en
siv
e 
ve
hic
le
fle
et
 
an
d t
ha
t o
f a
 
ste
el
int
en
siv
e 
ve
hic
le 
fle
et
.
 
In
 
sh
or
t, 
w
hil
e 
the
re
 
m
ay
 
be
 
so
m
e 
gu
ide
lin
es
 
tha
t c
an
 
be
 
ga
ine
d f
ro
m
 
the
 
fie
lds
 
of
 
en
gin
ee
rin
g
an
d f
ina
nc
e,
 
the
 
on
ly 
sa
fe 
co
nc
lus
ion
 
at
 
the
 
pr
es
en
t t
im
e 
is 
tha
t t
he
 
qu
es
tio
n 
of
 
the
 
tim
e 
va
lue
 
of
em
iss
ion
s 
ca
n 
on
ly 
be
 
re
so
lve
d w
ith
in 
the
 
sp
ec
ifi
c 
str
at
eg
ic 
co
nt
ex
t o
f t
he
 
pr
ob
lem
 
un
de
r
co
ns
ide
ra
tio
n.
 
 
Su
m
m
ar
y
On
e 
of
 
the
 
ce
nt
ra
l p
hil
os
op
hic
al 
un
de
rp
inn
ing
s 
of
 
the
 
pr
ac
tic
e 
of
 
lif
e 
cy
cle
 
an
aly
sis
 
ha
s 
be
en
 
its
em
ph
as
is 
up
on
 
the
 
un
it 
pr
od
uc
t a
s 
the
 
ap
pr
op
ria
te
 
fo
ca
l p
oin
t f
or
 
en
vir
on
m
en
ta
l a
na
lys
is 
an
d
im
pr
ov
em
en
t. 
 
Th
is 
vie
w
 
co
nt
ra
sts
 
w
ith
 
the
 
m
or
e 
tra
dit
ion
al 
m
od
es
 
of
 
en
vir
on
m
en
ta
l a
ct
ion
,
w
hic
h h
av
e 
so
ug
ht 
to
 
ev
alu
at
e 
an
d r
eg
ula
te
 
pr
od
uc
tio
n 
pr
oc
es
se
s,
 
ra
the
r 
tha
n 
a 
pr
od
uc
t. 
 
Th
e
pr
od
uc
t-o
rie
nt
ed
 
vie
w
 
br
oa
de
ns
 
the
 
pu
rv
iew
 
of
 
en
vir
on
m
en
ta
l a
ss
es
sm
en
t, 
re
qu
iri
ng
 
the
co
ns
ide
ra
tio
n 
no
t o
nly
 
of
 
the
 
co
ns
eq
ue
nc
es
 
of
 
 
pr
od
uc
tio
n,
 
bu
t a
lso
 
the
 
co
ns
eq
ue
nc
es
 
of
 
re
so
ur
ce
ac
qu
isi
tio
n,
 
pr
od
uc
t u
se
 
an
d  
ev
en
tu
al 
dis
po
sa
l.  
Al
tho
ug
h t
his
 
inc
re
as
e 
in 
sc
op
e 
lea
ds
 
to
 
an
inc
re
as
e 
in 
the
 
co
m
ple
xit
y o
f a
ss
es
sm
en
t, 
it 
als
o 
pr
ov
ide
s 
an
 
op
po
rtu
nit
y t
o 
cr
ea
te
 
po
lic
ies
 
w
hic
h
aff
or
d f
lex
ibi
lit
y i
n 
co
m
pli
an
ce
.
 
 
Pr
es
um
ab
ly,
 
fle
xib
ili
ty 
all
ow
s 
inn
ov
at
ion
 
to
 
m
ee
t r
eg
ula
to
ry
re
qu
ire
m
en
ts 
w
ith
 
m
ini
m
al 
im
pa
ct
 
on
 
ot
he
r 
as
pe
ct
s 
of
 
pr
od
uc
t o
r 
sy
ste
m
 
pe
rfo
rm
an
ce
.
Ho
w
ev
er
, 
the
re
 
ar
e 
im
po
rta
nt
 
lim
ita
tio
ns
 
to
 
the
 
pr
od
uc
t l
ife
 
cy
cle
 
fra
m
ew
or
k t
ha
t c
an
 
lea
d t
o
po
te
nt
ial
ly 
m
isl
ea
din
g r
es
ult
s 
w
he
n 
co
m
pa
rin
g t
he
 
em
iss
ion
s 
of
 
alt
er
na
tiv
e 
pr
od
uc
t d
es
ign
s.
 
 
In
pa
rti
cu
lar
, 
the
 
fac
t t
ha
t p
ro
du
ct
s 
ar
e 
pr
od
uc
ed
 
in 
lar
ge
 
qu
an
tit
ies
 
ov
er
 
lon
g p
er
iod
s 
of
 
tim
e 
an
d
m
ay
 
als
o 
be
 
us
ed
 
ov
er
 
lon
g p
er
iod
s 
of
 
tim
e 
su
gg
es
ts 
tha
t t
he
 
en
tir
e 
se
t o
f p
ro
du
ct
s 
in 
us
e 
sh
ou
ld
be
 
the
 
ap
pr
op
ria
te
 
un
it 
of
 
an
aly
sis
, 
ins
te
ad
 
of
 
a 
sin
gle
 
pr
od
uc
t.
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l o
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Th
is 
pa
pe
r 
ha
s 
pr
es
en
te
d t
w
o 
m
od
els
 
of
 
pr
od
uc
t "
fle
et
"
 
gr
ow
th 
an
d h
as
 
us
ed
 
the
se
 
m
od
els
 
to
de
ve
lop
 
an
aly
tic
al 
de
sc
rip
tio
ns
 
of
 
the
 
to
ta
l e
m
iss
ion
s 
of
 
a 
fle
et
 
of
 
pr
od
uc
ts 
ov
er
 
tim
e.
 
 
Ke
y
re
su
lts
 
of
 
thi
s 
m
od
eli
ng
 
eff
or
t a
re
:
1.
Th
e 
em
iss
ion
s 
fro
m
 
a 
fle
et
 
of
 
pr
od
uc
ts 
ca
n 
be
 
tho
ug
ht 
of
 
as
 
be
ing
 
co
m
po
se
d o
f a
 
ste
ad
y-
sta
te
em
iss
ion
s 
co
m
po
ne
nt
 
an
d a
 
tra
ns
ien
t e
m
iss
ion
s 
co
m
po
ne
nt
.
 
 
Ov
er
 
the
 
co
ur
se
 
of
 
the
 
gr
ow
th 
of
the
 
nu
m
be
r 
of
 
pr
od
uc
ts 
in 
se
rv
ice
, 
the
 
tra
ns
ien
t e
m
iss
ion
s 
co
m
po
ne
nt
 
de
cli
ne
s 
in 
im
po
rta
nc
e
re
lat
ive
 
to
 
the
 
ste
ad
y-
sta
te
 
em
iss
ion
s 
co
m
po
ne
nt
.
2.
Th
e 
tra
ns
ien
t e
m
iss
ion
s 
co
m
po
ne
nt
, 
w
he
n 
co
m
pa
re
d a
cr
os
s 
pr
od
uc
t a
lte
rn
at
ive
s,
 
ca
n 
be
su
ffi
cie
nt
ly 
lar
ge
 
tha
t, 
in 
the
 
sh
or
t t
er
m
, 
it 
ca
n 
do
m
ina
te
 
the
 
eff
ec
ts 
of
 
the
 
ste
ad
y-
sta
te
em
iss
ion
s 
co
m
po
ne
nt
.
 
 
Un
de
r 
co
nd
iti
on
s 
w
he
re
 
the
 
tra
ns
ien
t c
om
po
ne
nt
 
is 
do
m
ina
nt
, 
the
re
lat
ive
 
ra
nk
ing
 
of
 
alt
er
na
tiv
es
 
on
 
the
 
ba
sis
 
of
 
to
ta
l e
m
iss
ion
s 
ge
ne
ra
te
d c
an
 
be
 
ve
ry
 
dif
fer
en
t
fro
m
 
the
 
or
de
rin
g t
ha
t w
ou
ld 
be
 
de
riv
ed
 
fro
m
 
an
 
ex
am
ina
tio
n 
of
 
jus
t t
he
 
ste
ad
y s
ta
te
 
ra
nk
ing
.
3.
Th
e 
len
gth
 
of
 
tim
e 
it 
ta
ke
s 
fo
r 
the
 
ste
ad
y s
ta
te
 
co
m
po
ne
nt
 
to
 
do
m
ina
te
 
the
 
to
ta
l e
m
iss
ion
s 
of
the
 
"
fle
et
"
 
m
ay
 
be
 
lon
g e
no
ug
h a
s 
to
 
ha
ve
 
str
at
eg
ic 
sig
nif
ica
nc
e 
w
he
n 
co
m
pe
tin
g a
lte
rn
at
ive
s
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